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Abstract
To design and build an acoustic release and receiver system, our team performed extensive
background research, developed thoughtful concepts of potential designs, performed ideation,
and constructed multiple prototypes. After constructing both a conceptual and structural
prototype, our team began updating the structural prototype to meet requirements expected of the
verification prototype. After completing the verification prototype, our team entered the testing
stage of the project. The electronics housings were pressure tested to determine if any leaks
would occur, the Dyneema rope was tensile tested to verify the system could withstand affected
loads, and the time to re-spool the device was determined. Key specifications like maximum
system weight and size were also measured and recorded. Some tests were not able to be
performed as expected due to lack of a completed acoustic release system provided by our
counterpart Computer Engineering (CPE) team; however, our team feels that this project
accomplished key specifications required of the Mechanical Engineering (ME) team. With
further project development, the final device would allow for easy retrieval and re-deployment,
eliminating the need to take the system onshore, and maximizing the time the system can spend
collecting data.
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Introduction
This report details the extensive development process of an acoustic release and receiver system
that is required to submerge, suspend, and surface a hydrophone off the California coast. This
project is sponsored by Professor Maddie Schroth-Glanz in the Cal Poly Statistics department
who hopes to monitor the acoustic sounds of whales to determine migration patterns. This report
is comprised of a Scope of Work (SOW), a Preliminary Design Review (PDR), a Critical Design
Review (CDR), and a Final Design Review (FDR). The SOW describes project requirements,
background research, plans to achieve a successful design, and project management. The PDR
documents various design concepts and the selection process to determine the final design path.
The CDR highlights design updates from PDR, as well as documents how the device will be
manufactured and tested. Finally, the FDR highlights design updates from CDR and lists
finalized manufacturing steps. This document also describes testing, testing results, how to
operate the device, and important considerations for future project development.
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Abstract
The Cal Poly Statistics Department is interested in collecting and analyzing acoustic data from
marine mammals in San Luis Obispo County. This data will be collected using a marine grade
hydrophone that is deployable from Cal Poly’s boat. The project challenge is to create an
integrated system that includes an acoustically triggered actuator that will cause a flotation
device to surface. The rest of the system must subsequently be retrieved which may include rope,
the acoustic release container, and a weight stabilizing the system at the ocean floor.
Extensive research was conducted to understand the stakeholder’s needs, identifying absolute
requirements and desired “extras”. Existing solutions were also analyzed to determine which
components would be successful in this system and where influence can be drawn from moving
forward. Technical research was done to understand which materials are superior for marine
applications, to minimize corrosive wear. Further research was applied to understanding the
function of the acoustic release mechanism as well as retrieval of all components from the sea
floor to include weights and line. The scope of the project is defined in our Boundary Sketch and
Gantt chart while the project objectives are itemized by the Functional Decomposition,
engineering specifications table, and Gantt chart. Vital takeaways from our research include
which metals and polymers are successful in marine applications, and processing steps to
minimize corrosion of materials when introduced to the ocean.
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1. Introduction
In the Acoustic Release and Receiver senior project, a Mechanical Engineering team and
Computer Engineering (CPE) Team are working simultaneously to develop a system that
submerges a hydrophone near the ocean floor. This project is sponsored by Professor Maddie
Schroth-Glanz in the California Polytechnic State University, SLO (Cal Poly) Statistics
department to aid in her research of grey whale migration along the California Coast. In the
future, this research may also include data from humpback whales further off the coastline. To
collect the relevant data, the system developed will need to include a deck box present on a Cal
Poly boat to locate the submerged system and trigger a release to send the system up to the
surface. It must also include some sort of weight to hold the system on the ocean floor and a
floatation device to stabilize the system and maintain the hydrophone’s location. Further details
will be described in the background portion of this report, as well as stakeholder needs, existing
solutions, and technical research. After the background section, the project scope section will
cover necessary project functions and deliverables while the objectives section defines the goals
and constraints of the project. The project management section then details the design process
and a plan to achieve the necessary deliverables. Finally, the conclusion summarizes the
information outlined in the Scope of Work and explains further milestone deliverables.

2. Background
In this section, the stakeholder needs and wants, existing solutions, and technical challenges will
be identified and explained.

2.1 Stakeholder Need Research
To identify the sponsor’s needs for the project, our team set up a meeting with Professor Maddie
Schroth-Glanz to help answer a list of prepared questions, as well as introduce each team
member. The information learned in this meeting is described below in the Team Configuration,
System Requirements, and Deployment Requirements sections.
2.1.1 Team Configuration
In addition to our team (Mechanical Engineering, or ME team), a team of Computer Engineers
(CPEs) will be working on this project. Our team is responsible for all the mechanical
components, including a deck box large enough to fit a laptop or tablet and minor electronic
equipment, and a watertight acoustic receiver container. The CPE team will develop the
hardware to be placed in the deck box as well as corresponding hardware to communicate with
and trigger the release mechanism. Communication with the CPE team will be conducted
through email, and Microsoft Teams.
2.1.2 System Requirements
Our team learned that a final working device would be used to collect grey whale migration data,
helping to track them through the Central Coast of California. The entire system must be
produced with a budget of $10,000, which is half the price of commercially available devices.
The system must also be compatible with a $5,100 hydrophone manufactured by Ocean
Instruments and provided by the sponsor. The hydrophone will need to be suspended underwater
to record whale activity, and the bottom of the system must rest on the seafloor at a depth of at
1
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least 80 m. Additional system requirements include a maximum weight of 200 lbs and a
surfacing method that leaves no waste behind. This differs from commercial systems on the
market that typically leave a weight on the ocean floor. The components of the system should be
housed in a container and be easy to assemble from the boat. Further system requirement
questions that need to be answered include:
 At what depth should the hydrophone be positioned?
 What cost is acceptable for part replacement?
2.1.3 Deployment Requirements
Regarding deployment, the system will be transported to the deployment location via the Cal
Poly boat, which is approximately 27 feet in length with no existing deployment equipment. Our
team will be responsible for determining the best way to lower the system into the water, where
it will remain for up to six months. The sponsor would like the option to retrieve data from the
hydrophone and redeploy the system twice for a total submersion time of 18 months. Our team
plans to test the system at the Cal Poly pier and eventually use the Cal Poly boat. Professor
Maddie Schroth-Glanz is also trying to obtain access to the Cal Poly pools for preliminary
testing. To increase ease of deployment, the system should be transported by one to two people.
Further deployment requirement questions that need to be answered include:
 How much room can the system occupy on the boat?
 How much time should redeployment take on the boat?

2.2 Existing Solutions
To gain insight into how the acoustic release and receiver could be developed, we researched
how various companies have approached creating each individual component of the system. This
began with learning about the existing mechanical release systems that are acoustically actuated
on currently used apparatus. The most common mechanism found was a corrosion-resistant
stainless-steel latch that releases the system from the weight below. This was found on the
BENTHOS Model 865A Deep Sea Acoustic Release and the iXBlue Oceano-Acoustic Releases
and Heavy-Duty Acoustic Releases [1][2][3]. Another method used was found on the Desert Star
Systems ARC Acoustic Releases, which send an electrical current through a wire until the wire
melts, releasing a solid metal latch and detaching the system from the weight [4]. This is known
as a fusible link system. A third method was seen in the EdgeTech PORT MFE Push Off Release
transponder, which uses an internal motor to unthread a metal rod from a plastic cap connected
to the weight, thus releasing the system [5]. It should be noted that while these systems
disconnect from the weight leaving it behind, our design must allow for full system retrieval.
EdgeTech also has solutions for the design issue of durability in a marine environment via the
PORT Pop-Up Recovery System [6]. This is an enclosure that prevents growth and sediment
from building up on the surface of the acoustic instrument itself while simultaneously housing a
flotation device that will bring the system to the surface once released. One possible solution for
the weight retrieval challenge is shown in the RSAqua ARC Acoustic Release Rope Canister [7].
This system is configured such that, upon release, a line connected to the weight is also released
as the instruments ascend to the surface. Once the instruments are retrieved, the line can then be
used to pull up the weight. A heavy-duty variation of this system is the DeepWater Buoyancy
Trawl Resistant Bottom Mount [8]. In this configuration, the anchor, line for release, and
floatation system are all self-contained and geometrically designed to resist movement in the
2
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event of trawling. Upon release, the system splits in two, with one half floating the surface and
the other staying anchored while releasing line to be winched up later.
For more detailed descriptions and information about existing solutions to our design challenges,
we also researched patents related to oceanic exploration and data collection apparatus. A
summary of our most relevant findings can be seen in Table 1 with corresponding figures.

Table 1. Existing Patents with Solutions to Design Requirements
Patent Name
High-capacity
underwater
acoustic release

Patent No.
US3848226A

Auv retrieval
apparatus

KR20100091041A

Data collection
apparatus for
exploring seabed

KR102034037B1

Underwater
vehicle buoyancy
system

US20130239870A1

Automatic
buoyancy
compensation
system

US3379156A

Description
- Acoustic release system using pivotally
mounted release arm and pelican hook
- Most common existing release system
- Underwater instrument surfacing system
- Uses gas to fill a balloon whose
buoyancy lift the device to the surface
- Sea floor data collection device
- Inflatable tube is integrated into system
design and fills with nitrogen gas to bring
to surface
- Variable buoyancy control system
- Uses one internal and one external fluid
reservoir to alter total displaced volume
and hence change buoyancy
- Buoyancy control system used by the
U.S. Navy in submarines
- Uses water intake and compressed air
reservoirs to control buoyancy

Figure No.
1
2

3

4

5

Figure 1. High-capacity underwater acoustic release
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Figure 3. Data collection apparatus for
exploring seabed

Figure 5. Automatic buoyancy
compensation system

Figure 1 shows the hook and latch release system that is used most often commercially. Given
that this patent was published in 1974 and is still used today, this system is clearly functional and
reliable. Therefore, we should try to incorporate this mechanism into our ideation process. Figure
2 and Figure 3 show an alternate means of providing buoyancy force via gas inflated bladders.
They also display differing levels of integration into a larger sensing system. Integration is an
important consideration in our design as combining functions could lead to a less bulky and more
effective device. Figure 4 demonstrates an independent variable buoyancy changing device while
4
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Figure 5 shows another more integrated model. Any of these last four systems, if adapted for our
system, could negate the need for a weight entirely, thus leaving no trace on the sea floor.
However, these systems are also more complicated than the existing products researched. Thus,
should we attempt to incorporate them into our model, it will be important to consider both
functionality and ease of production during our ideation process.

2.3 Technical Research
To better understand what most of the design work will be focused on, three main technical
challenges were determined. These include ‘Corrosion and Wear on the System’, Weight
Retrieval from Ocean Floor’, and ‘Marine Construction’.
2.3.1 Corrosion and Wear on the System
Being a marine-deployable system, corrosion is a serious concern for all components used.
Research was conducted into how corrosion and wear affect existing marine equipment systems.
Concerns include corrosion of metal components and organic material buildup on all
components. The most pertinent research found was that from recently completed Cal Poly
senior projects that tested components in the ocean. The students developing the Modular Cable
Buoy senior project found that “A common material that is used in applications of this nature in
syntactic foam. Syntactic foam is a composite material comprised of a resin matrix that has
micro balloons injected into it. It is noncorrosive and has a crush pressure between 6 and 10
MPa.” [14].
Another recent senior project, Deep-Sea Water Collector, details which materials are successful
in underwater usage, including metals, polymers, and grease. Citing Tadahiro Hyakudome’s
report on autonomous underwater vehicles, it was found that aluminum alloy, titanium alloy, and
high tensile strength steel are typical for underwater pressure vehicles. “Aluminum is a light,
high strength material with a reasonable cost, but surface treatment is necessary to use it in the
ocean. Aluminum 5000 series has the best corrosion resistance”. This source also details the use
of a sacrificial electrode to preserve structural metals. Polypropylene is listed as another
commonly used marine material. This polymer has a minor buoyancy, high resistance to oceanic
corrosion, and is capable of electrical insulation [15].
A third Cal Poly project, Marine Biomass Analyzer, found that successful components could be
made of marine grade 316 stainless steel, nickel plated steel, and titanium. An interesting portion
of this project’s research was the costs associated with these metal components. These three
listed metals were found to perform very well in marine applications but are also quite expensive
when compared to similar land-application metals. Marin Biomass Analyzer’s project team
found that 304 stainless steel was a less expensive option that could be an alternative in certain
applications [16].
2.3.2 Weight Retrieval from Ocean Floor
An important aspect of our scope is to develop a system that will be entirely retrievable from the
ocean. This includes all weights and other equipment on the sea floor. Most commercially
available systems abandon their weights on the ocean floor, leaving a large mass of metal and
some line.
5
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RS Aqua produces a rope canister to be used with their acoustic release system. This rope
canister allows the system to remain tethered to the mooring weight, and ultimately provides for
complete recovery of the system, including all mooring weights and other seabed equipment.
[17] The combination of RS Aqua’s acoustic release and rope canister produces a system that is
nearly identical to our goal. The challenge here, of course, being the reduction of the system’s
cost.
The use of a rope canister is a proven method to successfully retrieve all components. No other
commercially available solutions exist that provide for the total recovery of the system.
However, through ideation, we understand that there are alternative solutions to the rope-canister
method, including the use of degradable sandbags, compressed gases, or other novel solutions.
Sandbags have been used as mooring weights by the Pfleger Institute of Environmental Research
in acoustic research off the Channel Islands. [18]
2.3.3 Marine Construction
Constructing products for the marine environment presents many engineering challenges. Many
regulations and building codes apply to any systems that are deployed in coastal or offshore
waters. The California Coastal Commission (CCC) provides regulations for all significant
construction in California’s coastal waters. As our system will be akin to a boat mooring, it can
safely be assumed that our system will need to comply with CCC regulations for mooring
materials and duration. [19]
In addition to California regulations, acoustic monitoring systems typically must be registered
with the National Oceanic and Atmospheric Administration (NOAA), who provide information
on mooring planning and construction. Again, although we are not creating a boat mooring, our
system is so physically similar to a mooring that we will likely need to comply with federal
regulations from NOAA [20]. Ocean Conservation Research is a nonprofit organization that
focuses on noise pollution and its impact on marine animals. OCR provides guidelines for the
deployment of hydrophones to ensure successful operation and retrieval. [21]
This system also runs the risk of either failing due to entanglement or becoming an entanglement
risk for marine life in the event of failure. This issue is described briefly in a study of ground-fish
homing behavior conducted in the Channel Islands in which multiple acoustic receivers were lost
due to mechanical failure and swell events. [22] Aside from the human consequence of losing
expensive equipment, the long-term environmental consequence of lost systems can be equally
grave. As outlined in a NOAA Marine Debris Program report, marine entanglement contributes
to morbidity and mortality rates of many species and can be especially impactful for groups that
are already threatened or endangered. [23]

3. Project Scope
In this section, the project scope will be explained, including the relevant aspects of the system
that should be accounted for, the stakeholder’s system needs to achieve desired functionality, and
the planned deliverables of the project.
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3.1 Boundary Sketch
To gain a better understanding of the specific roles of each team, a boundary sketch was drawn
and can be seen in Figure 6.

Figure 6. Boundary Diagram
The red outline encompasses every aspect of the system that our project covers, and the roles of
each team are detailed in various highlighted colors. The labeled equipment includes items that
are known to be necessary for the system to operate, but the sketch also includes items that will
most likely be required, such as rope, a weight at the ocean floor, and a flotation device to
stabilize the system.
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3.2 Stakeholder’s Needs and Wants
After talking with the sponsor and the CPE Team, our team developed a list of each need and
want, which is summarized in Table 2.
Stakeholder

Table 2. Stakeholder Needs and Wants
Needs
System is reliable
System leaves no waste behind

Sponsor

CPE team

Can be deployed for 6 months at a time
Can be redeployed twice
System does not exceed 200 lb
Minimal marine growth and corrosion
Watertight electronic housing
Acoustic release container can fit
approximately 3 hydrophones
Deck box can fit a computer or tablet
with minor electronic equipment

Wants

Transported by 1-2 people
Transported in a container that holds
separate components that can be
assembled on boat
Minimal part replacement after retrieval
Redeployed immediately on boat

Note: The CPE Team does not have any present wants – this may change in the future as they
gain a better understanding of the project.

3.3 Functional Decomposition
To gain a better understanding of what our team will be responsible for including in the design
process, a function decomposition tree was created and can be seen in Figure 7.

Figure 7. Functional Decomposition
The outlined portion details what our team will be incorporating into the project, while the
remaining sections will either be the responsibility of the CPE team, or the sponsor when
deploying the device.
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3.4 Planned Deliverables
Throughout the course of the project, the sponsor should expect to receive several reports and
prototypes before receiving the final product. During fall quarter, the first document provided to
the sponsor will be the Scope of Work. The sponsor will then receive a Preliminary Design
Review (PDR) accompanied by a concept prototype. In winter quarter, an Interim Design
Review (IDR) will be presented to the sponsor followed by a Critical Design Review (CDR) and
a structural prototype will be provided. During spring quarter, a verification prototype will be
produced and a Design Verification Prototype report will be created. Lastly, the finalized design
will be presented in a project exposition and a Final Design Review (FDR) will be given to the
sponsor.

4. Objectives
To better understand the requirements of a final design, a problem statement, or point of view
(POV) statement, was written as follows:
The Cal Poly statistics department needs a way to submerge, suspend, and retrieve a
system that receives acoustic signals made by marine mammals; however, the system
must be cost-effective and leave no waste behind.
To properly evaluate a final design, a Quality Function Deployment (QFD) House of Quality
was created which can be viewed in Appendix A. The process of creating the QFD House of
Quality includes simplifying the stakeholder needs and wants and comparing each expectation
against multiple measurable engineering specifications. Each need should have a strong
relationship with a specification to make sure the final design will provide the required functions.
The stakeholder needs, as well as the specifications, are then compared to commercially
available products. This process revealed that the most important customer requirements include
watertight electronic housings, a system deployable to 80 m, and housings that fit all electronic
equipment. The required depth rating specification has the most relationships with customer
needs, followed by the deployment time rating. An Engineering Specifications Table was made
alongside the QFD House of Quality to explain how our team will access a final design. This can
be seen in Table 3. Additionally, Table 4 describes why each of the specifications outlined in
Table 3 are important and how they will be measured.
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Table 3. Engineering Specifications
Specification
Requirement or
Description
Target (units)
Tolerance Risk* Compliance **
Weight
200 lb
Max
L
I
Production Cost
$10,000
Max
H
I
Required Depth
3
80 m
Min
L
I
Rating
Required Deployment
4
6 months
Min
H
T, A
Time Rating
± 1 person
5
Transportability
2 people
M
T
Size Constraint of
6
12 x 6 x 3 ft
Max
L
I
System
7
Deck Box Size
20 x 15 x 5 in
Min
L
I
Receiver Container
530 mm long, 180
8
Min
L
I
Size
mm diameter
9
Time to redeploy
45 min
Max
M
T
Proximity to
10
100 ft
Max
M
T, A
Deployment Site
11
Intuitiveness Survey
3.5 out of 5 stars
Min
M
T
Number of
12
2
Min
H
A
redeployments
* Risk of meeting specification: High (H), Medium (M), Low (L)
** Compliance Methods: Analysis (A), Inspection (I), Similar to Existing (S), Testing (T)
Spec. #
1
2
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Table 4. Engineering Specification Descriptions
Spec.
#

Specification
Description

1

Weight

2

Production Cost

3

Required Depth
Rating

4

Required
Deployment
Time Rating

5

Transportability

6

Size Constraint
of System

7

Deck Box Size

8

Receiver
Container Size

9

Time to redeploy

10

Proximity to
Deployment Site

11

Intuitiveness
Survey

12

Number of
redeployments

Importance of Spec.
- Must be easy to transport
- Must sink to ocean floor
- Must stay in one location on floor
- Sponsor requires project to remain
under budget
- Initial research will be conducted in
80m water
- System must withstand 80m ocean
environment
- Data collection deployments will be 6
months
- System must withstand ocean
environment for 6 months
- Limited space on boat
- Number of handlers must be
minimized
- Minimize size to increase ease of use
- Minimize size to ensure user safety
- Target size provided by CPE team
- Must not be smaller than CPErequired size
- Target size provided by CPE team
- Must not be smaller than CPErequired size
- Hydrophone battery life is ~18 mon.
- Deployment term is 6 months
- Redeployment time is minimized to
maximize collection potential
- System drift will complicate retrieval
- System must surface near deployment
site
- System simplicity minimizes
deployment/recovery time
- System should accommodate 2
redeployments for total data collection
period of 18 months prior to total
retrieval

How this Spec will be
Measured
- Weight must be <200lbs
- Assessed by inspection
- Total cost must be
<$10,000
- Assessed by inspection
- Depth ratings of
purchased equipment

- Underwater time ratings
of purchased equipment

- Measured by number of
handlers required
- Assessed by inspection
(measure system)
- Assessed by inspection
(measure box)
- Assessed by inspection
(measure container)
- Measuring time of
retrieval, part
replacement, and
redeployment
- Computer modeling
- Ocean current analysis
- Satisfaction survey,
suggestion box
- Computer modeling
- Underwater time ratings
of purchased equipment

Many of the specifications are classified as high-risk, meaning the target value will prove
challenging to meet. Each high-risk specification is listed with an explanation of why it is
classified as high-risk:
 Required Depth Rating: Many watertight housings aren’t rated for the depths the device
will need to be submerged due to the immense pressure.
 Required Deployment Time Rating: Most underwater equipment is not meant to be
submerged for at least 6 months due to issues with corrosion, marine growth, and UV
light exposure. It will be difficult to find equipment rated for this long.
11
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Number of Redeployments: This specification is related to the risk explained above
because the device should be able to withstand two redeployments, which increases the
total time submerged from 6 months to 18 months. During redeployment, some parts will
be replaced, and some marine growth can be scraped off, but both should be minimized.

5. Project Management
The product development process will consist of three main stages: designing, building, and
testing. The design process was initiated by gathering information about the sponsor’s needs for
the acoustic release and receiver and performing background research on similar products on the
market. Our team met with the CPE team to determine which components each team would
develop. This information was used to define the problem and begin creating the scope of work.
After delivering the scope of work to the sponsor, the ideation process will begin, and initial
concept models will be built. We will work together with the CPE team to select a concept and
then develop CAD models and construct a prototype. The design concept will then be presented
to the sponsor in a preliminary design review. Our team will then move forward to complete the
remaining deliverables outlined in Table 5. Further details about the project schedule can be
found in the Gantt chart in Appendix B. The Gantt chart outlines all project milestones as well as
any tasks needed to prepare for each milestone. A team member has been assigned to each task
to ensure it is completed on time.
Table 5. Deliverables and corresponding due dates.
Key Deliverables
Due Date
Scope of Work
10/20/21
Concept CAD
11/4/21
Concept Prototype
11/9/21
Preliminary Design Review
11/16/21
Structural Prototype
1/25/22
Critical Design Review
2/11/22
Safety Review
2/17/22
Manufacturing Test and Review
3/10/22
Verification Prototype
5/17/22
Final Design Review
6/3/22
The specific design technique our team plans to use is modeling our design after existing
products on the market. The objective of the design is to create a product that is more cost
effective than the existing designs on the market so our team’s challenge will be finding ways to
produce the components used in current acoustic release and receiver designs at a lower cost. An
additional challenge our team faces is designing components that are compatible with the CPE
team’s electronics. To ensure that the teams are on the same page throughout the design process,
we will hold biweekly meetings to discuss the status of each team’s components and confirm that
they are compatible.
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6. Conclusion
After having researched and discussed the details of this project, our team will move forward and
begin the process of designing a system to meet the sponsor’s requirements. The designed
system must submerge and retrieve a hydrophone while leaving no trace on the ocean floor and
use acoustic actuation to trigger the ascent process. This Scope of Work clarifies the details and
constraints of this project in alignment with the needs and wants voiced by the stakeholders. The
Mechanical Engineering team will handle the design and manufacture of mechanical components
of this device, drawing from knowledge of existing systems and practices used to solve this
problem. Our team will follow the Gantt chart to work through the design process until the next
deliverable, a CAD model, approaches on November 4 th. If there are any questions or concerns
with the accuracy or alignment of this document, the sponsor should inform the ME team as soon
as possible.
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Abstract
After the Statement of Work was delivered to the sponsor, our team began the ideation process to
determine solutions to the project objectives. This process included individual and group
brainstorming for each function, creation of ideation models, idea refinement through Pugh
matrices, and concept selection through weighted decision matrices. During this process, our
team received feedback from the sponsor that provided insightful to the weight of certain
objectives. The depth requirement was emphasized as the most important system quality and the
time requirement was determined to be flexible. The system could be surfaced for maintenance
and data collection less than six months after being submerged, but there should be a method to
determine what parts should be replaced. After further meetings with the CPE team and the
sponsor, the production cost specification has been determined to be higher risk than originally
thought, so communication with the CPE team should be more frequent during the purchasing of
system components. After receiving this feedback, our team then continued from concept
selection to concept analysis and the construction of a concept prototype.
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1. Introduction
At the completion of this project, our team should have produced a system that can suspend a
hydrophone in the ocean, be retrieved for data collection, and be redeployed with no waste. The
system will rest on the ocean floor - a depth of 80 m - and should be submerged for
approximately six months at a time. Since the Statement of Work, the final testing site has
changed from the California Polytechnic State University, SLO (Cal Poly) boat to the Cal Poly
pier, which has davits that can hold up to 500 pounds and the system can be tested for
approximately one month. Even though our team will only be testing on the pier, the final design
will still be deployed from the Cal Poly boat, which has a hand crank that could be used for
moving the system overboard and onboard. The sponsor has also detailed that maintenance on
the system should cost no more than $2000 per year and the entire system should be
approximately eight meters in length to avoid entanglement. There was some concern that
members of the Computer Engineer (CPE) team would not extend their time on the project to
reflect our team’s schedule, but it has been confirmed that two members of the CPE team will
work on this project through the end of the school year.
These changes and updates are important for the design of the system which is reflected in the
subsequent portions of this document. In the concept development section, our team’s ideation
and idea selection processes are described in detail, followed by the concept design section in
which the chosen concept design is explained. The evidence indicating the selected design will
meet the project goals is then presented in the concept justification section. In the project
management section, updates from the Statement of Work project management are included, as
is planned activity between now and Critical Design Report (CDR). Finally, the conclusion
section will summarize the contents of the Preliminary Design Report (PDR) and request
agreement from our team’s sponsor.

2. Concept Development
Before a final concept design can be selected, idea refinement must occur to produce a design
that can best meet the customer requirements. Initial ideation leads to refinement of function
solutions, and finally refinement of system solutions, all of which are detailed in the concept
development section of this report.

2.1 Initial Ideation
To start the ideation process, our team began by posing each function as a How Might We
(HMW) question. For example, the function of moving/releasing the system overboard was
written on a sticky note as “How might we move and release the system overboard?”. Each team
member initially chose one function to individually brain-dump all ideas they thought of. After
ten minutes, it was determined that this method of ideating was not as efficient as originally
believed, so our team switched to brainstorming as a group. The complete list and sketches of the
resulting ideas can be found in Appendix A.
After compiling the ideas from brainstorming, each team member created ideation models to
simulate individual components or an entire system. While some models may be void of
functionality, they all offer perspectives into how multiple ideas can be combined and improved
upon while others may be determined to be unfeasible. These ideation models can be found in
Appendix B.
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2.2 Refinement of Function Solutions
To further refine the resulting ideas, a Pugh matrix for each function was created. The top ideas
were determined and compared against a datum (most often the “best” idea or one commonly
used) which resulted in a rank symbol that specified how good each idea was in meeting the
stakeholder’s needs. Ideas could be marked as better (+), worse (-), or the same (S) with respect
to the datum. One downside of Pugh matrices is that it’s difficult to compare to importance of
customer needs. Even if two ideas are ranked the same, one idea might outperform another in the
long run if it better meets a customer need that has greater importance. This will be considered
during the final concept design selection, but the Pugh matrices found in Appendix C aid in idea
refinement.

2.3 Refinement of System Solutions
From the Pugh matrices, the top ideas for each function were determined based on customer
needs which included cost, corrosion resistance, weight, and intuitiveness. The resulting ideas
are therefore somewhat easy to procure and aren’t very expensive in relation to weight and ease
of transportability. To develop multiple system concepts, each team member analyzed the Pugh
matrices and created morphological matrices. The similar combinations were chosen as full
system concepts and can be seen in Table 1.
Table 1. Top Concepts
Function
Move/release
overboard
Provide
descending
forces
Activate
ascent
Provide
buoyant
forces
Move
onboard

Concept 1

Concept 2

Concept 3

Concept 4

By Hand

By Hand

By Hand

Hand Crank

Anchor

Container
of Cement

Anchor

Container of
Sand

180º Servo
+ rope
canister

Fusible
Link + rope
canister

180º Servo
+ rope
canister

180º Servo

Round
Buoy

Double
Rod Buoy

Tri-Buoy

Round Buoy

Hand
Crank

Hand
Crank

Hand
Crank

By Hand

Concept 1, seen in Figure 1, features a metal weight providing descent and anchoring the system
to the sea floor. This system will use a large, round buoy to provide ascent and vertical stability.
A 180° Servo will be used to activate the release of the rope canister. The system will be hand
deployed (“thrown overboard”) and will be retrieved with the use of a hand crank mounted on
the boat.

2

ME Senior Design Project

Scope of Work

October 2021

Figure 1. Concept 1 sketch
Concept 2, seen in Figure 2, will be released into the water manually and a cement weight will be
used to sink the device to the ocean floor. This weight will prevent the system from drifting
along the sea floor and a double rod buoy will provide additional stabilizing force to prevent rope
sway. To retrieve the system, a fusible link will burn to release the rope in the rope canister
which initially holds down the buoy. Once the rope is released, the buoy can float to the ocean
surface where the system will then be reeled onto the boat via hand crank.

Figure 2. Concept 2 sketch
Concept 3, seen in Figure 3, will be released into the water manually and an anchor will be used
to sink the device to the ocean floor. This weight will prevent the system from drifting along the
sea floor and a tri-buoy will provide additional stabilizing force to prevent rope sway. To retrieve
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the system, a servo will trigger the release of the rope in the rope canister and uncoil the rope
holding down the buoy, allowing it to float to the ocean surface where the system will then be
reeled onto the boat via hand crank.

Figure 3. Concept 3 sketch
Concept 4, seen in Figure 4, will use a container full of sand to provide weight and a
180° servo to actuate the release of the sand on to the ocean floor. Once the sand has been
released, the change in system mass will allow the buoyant force of the round buoy to carry the
system to the surface. The system will be deployed via a crank to evenly lower the device such
that the sand weight sits properly on the bottom and will be retrieved by hand in its lighter state.

Figure 4. Concept 4 sketch
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To choose the final concept design, customer needs were considered in a weighted decision
matrix. Each relevant need was ranked and subsequently weighted to help compare the top
concepts. The concepts were then scored on each need to represent how well each one meets the
stakeholder’s requirements. Scores were multiplied by the weight assigned to each need and the
total scores for each concept were then summed to produce a final value to be compared to the
other concepts. A larger final value indicates that a concept better meets the needs of the
customer. Some customer needs were not included if all concepts equally met the need. The
weighted decision matrix for our project can be seen in Appendix C and reveals that Concept 1
will best meet the customer’s needs. Concept 1 scored highest in almost all categories due to its
low system size, which increases transportability, as well as the system’s low production cost,
and its superior corrosion resistance. It also performed well in power requirement, ease of
redeployment, intuitiveness, commercial availability, and retrieval distance from deployment
site. Concept 3 ranked slightly lower than Concept 1 due to the added cost of the tri-buoy. We
ultimately determined that a single buoy would be sufficient to support the system while
maintaining a lower overall cost so Concept 3 was not chosen. Concepts 2 and 4 ranked the
lowest due to increased redeployment difficulty. To redeploy Concept 2, the fusible link would
have to be replaced which adds complexity for the user and increases costs. To redeploy Concept
4, the sand in the container would have to be replaced which adds complexity for the user and
makes the system more difficult to transport. For all of these reasons, Concept 1 was selected
over the other presented concepts. This selection confirms our team’s intuition, which is based
on research referenced in the SOW.

3. Concept Design
Our system will be hand deployed over the side of the Cal Poly boat, and will be retrieved via a
manually operated, boat-mounted winch, henceforth referred to as the “hand crank”. The system
will be anchored to the bottom through a lump-sum metal mass of ~100lbs, which will feature a
loop to accept the line connecting all components higher in the water column. The next
component above the anchor will be the rope canister, to which the receiving equipment,
mechanical release, and reserve line will be attached. The rope canister will consist of a
cylindrical casing with a concentric spool around which the reserve line will be coiled. At the
end of the reserve portion of the line, a metal pin will be fastened via two cylindrical couplings,
one attached to the line and one holding the pin. The mechanical release of the rope canister will
be activated through a servomechanism rigged to remove the pin from a mating hole located on
the top of the rope canister. The electrical components of the servo and all receiving equipment
will be provided and fabricated by our CPE counterparts. The next component up the water
column will be the hydrophone, which will be provided by the client and attached to the line
through the manufacturer’s fastening system. Finally, the top of the system will feature a single,
large buoy to provide vertical stabilization of the system. The buoyant force of the buoy will
facilitate ascent of the system upon the mechanical release of the pin.

3.1 Concept Prototype
Figures 5 and 6 showcase our team’s full concept prototype. This prototype is a rudimentary, but
semi-functional version of the selected concept design. The anchor is represented by a 40lb
kettlebell, to which the main line is tied. The line continues upward to the rope canister, where it
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is threaded through the bottom and further through the spool. The reserve line is coiled around
the PVC spool in the center of the 5-gallon bucket. The reserve line section ends where the
dowel is seated in the mating hole and fed thru the line couplers (zip ties). The upward line then
reaches where the hydrophone will be mounted before continuing upward to its terminal point at
the buoy. The rope canister is shown specifically in Figure 6, which demonstrates the pin being
manually removed from the line couplers to release the reserve line spooled in the canister.

Figure 5. Concept Prototype

Figure 6. Rope Canister Release
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3.2 Computer-Aided Design (CAD)
The CAD model of the concept prototype, shown in Figure 7, includes some additional features
unable to be added to the physical prototype. This includes a spool rod that can be detached and
reattached via four screws at the base of the canister. This feature will allow for the line to be
wrapped around the rod independently before being secured into the canister, allowing for an
easier setup process. This model also demonstrates a possible position for the servo motor box to
remove a pin from the line release hole. It also reveals that the battery box, which is much larger
than the servo box, can be mounted on the side of the canister to prevent interference.

Pin

Servo Box

Buoy

Battery
Hydrophone

Rope Canister

Weight

Rope Spool
Spool Rod
Figure 7. Concept Prototype CAD Model

3.3 Component Materials
Many of the components are commercially available products with defined materials and
geometry. We plan to use ¾” marine grade, nylon anchor line as the rope in the system. This
material is readily available, reliable, inexpensive, and proven in marine applications. The anchor
weight will be constructed of corrosion resistant metals which are discussed in research from
previous senior projects which details aluminum alloys, titanium alloys, and high-strength steels
as suitable for marine use. In the application as an anchor, it is most economically and physically
reasonable to use steel over the more expensive and harder to machine aluminum and titanium
alloys. Mission-critical components like the rope canister and mechanical release will be
constructed of surface-treated Aluminum 5000-series, ideal for critical marine applications. The
rope canister will be cylindrical with a concentric aluminum spool. The line will enter the
canister through the center of the spool and will be coiled around the spool before being fed
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through the lid, where the pin will secure the line to the canister when seated in the mating hole.
The rope canister will be manufactured with welding processes and material metal fabrication in
the Cal Poly machine shops. The buoy will be a spherical, commercially available product with a
defined buoyant force, which will be calculated after analyzing the total weight of the system and
the force of the current in the deployment zone.

3.4 Canister Design Considerations
The size of the rope canister is subject to the diameter of line selected, dependent of the forces
applied to the system. Furthermore, the selection of a horizontally - or vertically - oriented spool
is still under consideration and will tested prior to implementing. Testing of the spool orientation
aims to determine which method provides for the simplest uncoiling of the reserve line upon
release, with a heavy emphasis on avoiding entanglement both inside and above the rope
canister. If the reserve line becomes entangled before/during ascension, the system will be
compromised, and outside assistance would be required to retrieve the system (i.e. divers). In
addition to the rope canister specifics, the shape of the anchor is yet to be defined. Since the
anchor is only required to tether <75lbs of equipment to the ocean floor, virtually any shape will
suffice, but research into sea anchor styles and uses must be conducted before a particular shape
is selected.

4. Concept Justification
In determining our team’s design moving forward, we carefully evaluated the feasibility of each
design element. For providing mass, it has been commercially demonstrated that a static weight
is a simple and functional method for lowering a device to the sea floor. Similarly, static buoys
have been used to provide buoyant force in countless applications and can be built to withstand
various ocean conditions. The 180 servo is also a comparable system to the most common
commercially used hook and latch release mechanisms. It also has the lowest electrical
requirement of any of the release mechanisms examined, thus making it more durable. Finally,
the rope canister system is the most functional and cost-effective commercial method used for
full system retrieval.

4.1 Canister Dimension Calculations
While the rope canister method is functional, it adds the additional design challenge of selecting
a container to hold a minimum 80 meters of line. This value will most likely be closer to 85 or 90
meters of line to account for drift from ocean currents when the system surfaces. The most
effective way to reduce space taken up by the line is to wrap it tightly around a cylindrical rod.
To characterize the space taken up by the line wrapped this way, an excel spreadsheet found in
Appendix E was used, which allows changes in rod height and diameter to determine the
minimum enclosure diameter. It was found that for a spool rod 15” tall with a 1.5” diameter
wrapped in 3/8” diameter rope, the minimum canister diameter is 10”.

4.2 Potential Hazards and Challenges
The most pressing hazard of our design is presented by the heavy weight that will be used to
submerge the device. When any type of heavy object is present, there is a risk of it being dropped
on or rolling onto an operator and causing injury. This risk may be increased by the fact that the
key movements of the device will be performed on a boat with little room. We will mitigate this
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risk by developing safe handling procedures for the weight as well as designing to reduce pinch
and crush points. Given that electronics will be used in conjunction with the mechanical design,
there is also a risk of electric shock. The sealing used to prevent water from contacting the
electronics should help to mitigate this risk since tampering will be more difficult. Should the
electronics fail, it is likely that the whole system will be taken to shore to be fixed, rather than
troubleshooting at sea in a higher risk environment. Finally, corrosion caused by the sea’s harsh
elements must be limited as much as possible to ensure device functionality and ongoing use.
This will be considered by minimizing the use of metals and selecting marine-grade metals when
necessary. A comprehensive list of hazards analyzed can be found in Appendix F.
The remaining challenges primarily include possible malfunctions of the rope canister release
system. Given how much line is to be released, there is a serious risk that the rope could entangle
itself, preventing the buoy from reaching the ocean surface. With this in mind, we are working to
determine the best solution for guiding the rope smoothly out of its’ canister. This will include
analyzing a vertical or horizontal spool rod orientation as well as developing guiding systems
that do not inhibit rope movement. There must also be a balance between the functionality of
moving parts and the risk of failure from corrosion buildup. This challenge is present for
determining whether the spool rod should rotate and if a pin should be used to release the rope
rather than a hook. The other remaining challenge is creating a weight capable of fully
submerging the system while also being retrievable. We intend to analyze the forces on the
system to balance these needs to a degree.

5. Project Management
Following the selection of our design concept, our next steps will be analyzing our design and
developing a purchasing plan. An outline of our planned tasks can be found in Appendix G. The
most important analyses that need to be performed pertain to the release mechanism and the
ascent of the system. To select a servo, we need to determine how much force is required by the
servo to release the pin containing the rope in its canister. Additionally, we need to determine
approximately how far the buoy may drift from the deployment site upon ascent to ensure that
the system is within range of the electronic signal from the boat when it surfaces. After
performing our design analysis, we will begin sourcing parts for our system and developing a
structural prototype. Table 2 shows the list of parts we plan to purchase.
Table 2. Major part purchases.
Part
Function
1800 Servo
Release
Buoy
Stabilization/Ascent
Anchor
Weight
Rope
Retrieval
Waterproof Container
Housing Electronics
For the structural prototype, we plan to develop the final version of our release mechanism and
rope canister. This component is the most significant design challenge in this system, so
development and testing should begin as soon as possible. This will require coordination with the
CPE team as the operation of the release will be dependent on an electrical signal provided by
their team. Once the release mechanism has been developed, we will begin putting together the
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remaining components of our system. We anticipate that this process will be straightforward
because the rest of the parts will be used as purchased apart from a few minor modifications.
When the whole system has been assembled into our verification prototype, we will begin testing
at the Cal Poly pier. The timeline for the completion of our prototypes and reports is listed in
Table 3.
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Table 3. Key deliverables and corresponding due dates.
Key Deliverables
Interim Design Review
Part Selection
Structural Prototype
Critical Design Review (CDR)
Verification Prototype
Final Design Review

Due Date
1/13/22
1/20/22
1/25/22
2/11/22
4/26/22
6/3/22

6. Conclusion
With a concept design direction and rough testing plan, our team feels confident moving forward
to begin researching material selection. Various spool configurations in the rope canister will
also be analyzed and designed to best meet the customer’s needs. Preliminary testing will be
conducted in available bodies of water and FE models will be used to analyze the system’s
response to ocean currents.
If there are any questions or concerns with the accuracy or alignment of this document, the
sponsor should inform the ME team as soon as possible.
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Appendix A
Function: Move/release overboard
Ideas:







Trap door
Winch down
Conveyor belt
Slide
Tow behind boat
Hands

Function: Provide descending forces
Ideas:
 Metal weight
 Container with rocks
 Container with sand
 Tank with heavy gas
 Coiled metal chain
 Scuba tank
 Concrete weight
Function: Provide stabilizing forces
Ideas:
 Rigid line
 Massive weight
 Drill into sand
 Strategically shaped anchor
 Web of cords staked into sand
 Tripod buoy
Function: Activate ascent
Ideas:
 DC motor to push release
 Fusible link
 Servo to push pin
 Motor to unthread screw
 Explosion
 Release sand from weight-providing bags
 CO2 cartridges
 Scuba retrieval
Function: Provide ascending forces
Ideas:
 Scuba diver
 Canister that reacts and fills with gas
A

ME Senior Design Project






Scope of Work

October 2021

Propeller
Static foam buoy
Inflatable plastic tube/canister
Variable buoyancy device
Water jet

Function: Move onboard
Ideas:
 Crane
 Winch
 Hands
 Tow to shore with hook
 Magnet
 Launch out of water
 Fishing hook
 Net
 Forklift-type device
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Appendix C

Criteria
Transportability
Production Cost
System Size
Ease of
Redeployment
Retrieved Distance
from Deployment Site
Intuitiveness
Power
Requirement
Corrosion
Resistance
Commercial
Availability
Total

Concept 1
Concept 2
Concept 3
Concept 4
Weight Score Subtotal Score Subtotal Score Subtotal Score Subtotal
0.1

9

0.9

5

0.5

7

0.7

6

0.6

0.15

8

1.2

4

0.6

6

0.9

7

1.05

0.15

9

1.35

6

0.9

7

1.05

8

1.2

0.08

8

0.64

3

0.24

8

0.64

2

0.16

0.08

8

0.64

8

0.64

8

0.64

6

0.48

0.05

10

0.5
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Provide Descending Force:

Provide Ascending Force:
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Activate Ascent:
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Appendix D
Testing Plan
Concept Prototype:
-

Test rope release in PCV pool
Team member will manually remove peg to release rope
Observe how rope unfurls and document any issues with entanglement

Structural Prototype:
-

Test pin removal manually on land
Test with electronic signal on land
Test with electronic signal in PCV pool
Observe pin removal to ensure that the pin is fully removed each time

Complete System:
-

Test fully system at Avila beach pier
Observe system behavior to ensure that:
o Rope does not tangle
o Release mechanism functions appropriately
o Buoy surfaces near deployment location
o Electronic signal works with release mechanism
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Appendix E
Rope Spool Canister Volume Calculator
in
3149.6063
0.375

80
0.009525

Spool rod diameter
Canister height

1.5
15

0.0381
0.381

# Windings stacked
Length per winding
# Windings out

40
78.7401575
11.3061203

40
2
11.3061203

Required canister diameter

9.97959019

0.25348159

Desired depth
Rope diameter

Total rope volume (in^3)
Total rope volume (m^3)

m

1173.2932
0.01922683
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Appendix F
Design Hazard Checklist
Y

N





1. Will any part of the design create hazardous revolving, reciprocating, running,
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or
similar action, including pinch points and sheer points?





2. Can any part of the design undergo high accelerations/decelerations?





3. Will the system have any large moving masses or large forces?





4. Will the system produce a projectile?





5. Would it be possible for the system to fall under gravity creating injury?





6. Will a user be exposed to overhanging weights as part of the design?





7. Will the system have any sharp edges?





8. Will any part of the electrical systems not be grounded?





9. Will there be any large batteries or electrical voltage in the system above 40 V?





10. Will there be any stored energy in the system such as batteries, flywheels,
hanging weights or pressurized fluids?





11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of
the system?





12. Will the user of the design be required to exert any abnormal effort or physical
posture during the use of the design?





13. Will there be any materials known to be hazardous to humans involved in
either the design or the manufacturing of the design?





14. Can the system generate high levels of noise?





15. Will the device/system be exposed to extreme environmental conditions such
as fog, humidity, cold, high temperatures, etc.?





16. Is it possible for the system to be used in an unsafe manner?





17. Will there be any other potential hazards not listed above? If yes, please
explain on reverse.
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Corrective Action for Hazards
Description of Hazard

Planned Corrective Action
Create instruction manual so that user
knows how to handle the system safely.

Planned
Date
5/26/22

Actual
Date

System has large mass that
needs to be moved by user

System could cause injury
if dropped.

System contains a battery

Create protective case to make
transportation of system easier and
prevent dropping risk.

4/3/22

Battery (and other electronics) will be
housed in a waterproof container to
prevent damage.

2/22/22

We will minimize our use of metal and
other corrosive materials

Throughout

The system will be exposed
to sea water for extended
periods of time

N
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Abstract
After the Preliminary Design Report was delivered to our sponsor, our team began building the
structural prototype of the rope canister system and purchasing some components for the final
design. During this process, we encountered problems and created solutions for those problems
using the results from our concept prototype and the build process of our structural prototype.
An acoustic release mechanism paired with a recording hydrophone is proposed in this design
review. This system will allow the underwater sound to be recorded over an extended period at a
depth of 80 meters, and at the end of the time period, return to the surface for retrieval. Using
sound waves, this release mechanism receives an audio signal through the water and actuates a
release mechanism to unspool the rope to reach the surface. Once the system reaches the surface,
it can be picked up by boat and the critical data can be recovered and analyzed. The proposed
design allows for easy retrieval and re-deployment, eliminating the need to take the system
onshore, and maximizing the time the system can spend collecting data.
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1. Introduction
At the completion of this project, our team should have produced a system that can suspend a
hydrophone in the ocean, be retrieved for data collection, and be redeployed with no waste. The
system will rest on the ocean floor - a depth of 80 m - and should be submerged for
approximately six months at a time. Since the Preliminary Design Report (PDR), the rope
canister orientation has changed so that the rope will unspool from the bottom of the canister
instead of the top. This means that once the release has been triggered, the buoy will put tension
onto the rope canister - causing the canister to surface with the buoy. The new design will
simplify the re-spooling process and allow the critical components to surface before the rest of
the system will be pulled up through a mechanical advantage process. Another change in the
system includes adding an additional 40 meters of rope to account for drift the system will
experience upon resurfacing. Finally, our team will no longer oversee the deck box component as
the Computer Engineering (CPE) team will handle this component. Apart from these design
changes, our team has brought on a CPE liaison to help refine the electro-mechanical
components of our design and work closely with the CPE team. The remaining contents of the
Critical Design Review (CDR) Report will first present the details of the design and explain how
it functions in the System Design section. The Design Justification section will then go through
how our design will meet all the required specifications followed by the Manufacturing Plan
section which will explain how the verification prototype will be manufactured. Next, the Design
Verification Plan will explain the tests planned for the verification prototype which should verify
the design meets the required specifications. Finally, the conclusion will summarize the contents
of the CDR report and request agreement from our team’s sponsor, Professor Maddie SchrothGlanz.

2. System Design
The overall final design can be described in four main subsystems which include the buoy, the
rope, the rope canister, and the anchor seen in Figure 1. The deck box, electronic components,
and hydrophone will be handled by the CPE team and are not fully represented in Figure 1.
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Electronics
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Buoy

Hydrophone

Rope
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Release

Rope
Canister

Anchor

Rope
Spool

Figure 1. Isometric view of final design
The functionality of the system can be described in relation to the expectations of the system.
Once the system is released into the water, the 100-pound weight will sink the system to a depth
of 80 meters where the hydrophone will collect acoustic whale data for approximately six
months. During this time, the buoy will help stabilize the system by keeping the hydrophone
vertical in the water column. After six months have passed, a deck box on the Cal Poly boat will
send a signal to a secondary hydrophone in the rope canister. This will begin the process of
routing power from the battery pack to a servo motor. The motor will remove the pin from the
pin slots – freeing the rope and allowing the rope to be unspooled as the buoy and rope canister
ascend to the ocean surface. When the buoy and rope canister reach the surface, the system can
be attached to a mechanical winch on the boat which will pull the rest of the system including the
weight onto the boat. Data from the primary hydrophone can then be retrieved and the rope can
be re-spooled before the system is re-deployed two more times.
The buoy, rope, rope canister, and anchor subsystems are described below in more detailed
before the cost breakdown of the system is explained. All specification sheets for used as
purchased components, as well as the drawings for all built and modified components can be
found in the Drawing and Specification Package in Appendix A.

2.1 Buoy Subsystem
The buoy subsystem consists of a single rigid longline float buoy seen below in Figure 2.
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Figure 2. Rigid longline Float [1]
This buoy is rated for a depth of 1000 ft, has a buoyancy of 45 pounds, and will be attached to a
section of rope [1]. The rope will loop through the buoy eyelet and be secured via Flemish knot.

2.2 Rope Subsystem
The rope subsystem connects multiple sections of the system. The rope is made of Dyneema and
can be seen in Figure 3. A rope section of two meters connects the buoy to the top of the rope
canister and is secured on both ends via Flemish knot. This will reduce the possibility of
corrosion occurring on metal fasteners. During the Interim Design Review (IDR), it was made
aware to our team that the minimum breaking load of Dyneema decreases by half when knots are
introduced; however, because the un-knotted minimum breaking load of the selected Dyneema is
1600 pounds and the theoretical maximum force it would experience would be 100 pounds of
force exerted by pulling up the anchor, this won’t be a concern [2, 3, 4]. The hydrophone will be
secured via two knots on the two-meter section of rope between the buoy and rope canister. In
the rope canister, the rope will be secured at the top portion of the rope spool and 120 meters of
rope will be coiled on the rope spool. The loose end of rope at the bottom of the rope spool will
then go through a hole at the bottom of the rope canister and connect to the anchor subsystem
two meters below. The rope will be secured to the rope canister at the hole location with a pin
that goes through a connector on the rope. For the rope canister to surface after the pin is
released, the rope leaving the rope canister must extend to the anchor, rather than having the rope
from the anchor be fixed to the rope canister. Finally, the rope will loop through an eyelet on the
weight and secured via Flemish knot.
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Figure 3. Dyneema rope [3]

2.3 Rope Canister Subsystem
The rope canister subsystem can be seen in Figure 4. Not pictured in Figure 4 is a servo motor
that would be fastened near the pin release. The servo will be powered by batteries in the
electronics housings and will function to move the pin horizontally towards the frame edge. This
will release the rope from its locked position and begin the unspooling of the rope from the spool
rod. Also not seen in Figure 4 is a small flange at the bottom of the spool rod which ensures that
the rope will not fall off the spool rod while also not hindering the rope release. The pin release
mechanism is currently a rudimentary design that heavily depends on the CPE team. If the
current design of connecting the servo motor directly to the pin fails to produce pin movement
when the servo is activated, our team will design a simple fixture that uses mechanical advantage
to overcome the static friction between the pin clamps and the pin.
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Figure 4. Rope Canister Subassembly

2.4 Anchor Subsystem
The anchor subsystem consists of a pyramid mooring anchor seen in Figure 5. The weight
provides a downward force of 100 pounds to hold the entire assembly at the seafloor without
horizontal movement [4].

Figure 5. Pyramid mooring weight [4]
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2.5 Production Costs
Although there are four subassemblies that comprise the final design, three of these
subassemblies represent single purchase items. The buoy subassembly includes the rigid longline
buoy, the rope subassembly includes the Dyneema rope, and the anchor subassembly includes
the pyramid mooring anchor. The rope canister subassembly, however, includes multiple
components that make up the electronics housing, the rope spool, the rope canister frame, and the
pin release. This subassembly was the largest design challenge of the system and is therefore the
most expensive. The cost breakdown of each subassembly can be seen in Table 1.
Table 1. Cost breakdown by subassembly
Subassembly
Buoy
Rope
Rope Canister
Anchor
Total

Cost
$134.06
$128.38
$1,354.43
$308.30
$1,925.17

Table 1 is a rudimentary visual that summarizes the production cost of the final system, but a
more detailed list of all production costs can be viewed in the Indented Bill of Materials (iBOM)
in Appendix B.

3. Design Justification
In the Design Specification subsection each specification will be revisited to ensure each
subsystem will allow the final design to meet the requirements outlined in the Statement of Work
(SOW). All analysis and results will be summarized in the Design Analysis subsection, and
safety, maintenance, repair considerations, and design concerns will be addressed in the
remaining subsections.

3.1 Design Specification
Many of the decisions relating to material and design choices are based off commercially
available systems and internal analysis. These justifications are noted in the following subsystem
sections to explain how the engineering specifications described in the SOW. Although
production cost is an important specification, the final design will cost well below the project
budget of $10,000, so this specification will not be discussed.
3.1.1 Buoy Subsystem
Engineering decisions relating to the buoy subsystem include deciding what type of buoy to use
and what buoyancy it will provide. Most commercially available systems employ deep water
buoys that maintain their rated buoyancy even at large depths with extreme pressure. In our
system, the buoy will need to maintain its buoyant force at a depth of 80 meters, so we selected a
deep-water buoy rated to 1000 feet [1]. Although 1000 ft is a larger depth than is necessary for
the system, this buoy was the one of the cost-effective option our team found. To determine the
appropriate buoyancy, calculations were conducted to verify the system would be able to remain
vertical in the water column and surface the rope canister when necessary. The free body
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diagram upon which these calculations were based is shown in Figure 6. Based on the above
factors, the buoy satisfies the required depth rating specification and should surface close to the
deployment site. The 14-inch diameter buoy is also relatively small, and weighs only nine
pounds, so this subsystem will not impede on the system size or weight specification.

Figure 6: Free body diagram of system to determine necessary buoyant force
3.1.2 Rope Subsystem
The only specification relating to the rope subsystem is the required time the system must stay in
the water. To meet this specification, the rope must not corrode over a time span of eighteen
months; however, to maintain system integrity, the rope must also be able to withstand an
upward tensile force of 45 pounds provided by the buoy. Although biofouling on the rope was a
concern, the rope will primarily exist at limited sunlight depths, limiting the amount of fouling
on the rope. Important characteristics of the rope are minimum breaking strength, safe load with
included safety factor, and weight as a function of length. The weight of the rope would only
factor into calculations if the rope is not buoyant, or when calculating the weight of the system
on land. Although most of these calculations can be found in the Design Analysis section, it is
important to note what type of rope commercial applications use. Most companies recommend
polyester, polypropylene, and Dyneema as viable options. Although polypropylene is water and
UV resistant, stretches under load, which does not fit our design constraints [5]. Polyester, on the
other hand, retains its strength while wet, is rot and UV resistant, and is abrasion resistant
However, this material does not float, so it would add to the overall weight of the system [5, 6].
The third option is Dyneema, which floats, does not absorb water, and is abrasion and stretch
resistant [7]. It is also one of the strongest and lightest fibers on the market, which allows the
rope diameter to be much smaller than that of polyester or polypropylene [7]. For these reasons,
our team chose a Dyneema rope that has a diameter of 7/64 inches and can withstand an average
tensile strength of 1600 pounds [4]. This rope will be able to withstand system forces of 45
pounds and 100 pounds, and it will be able to remain under the water for eighteen months
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without any issues. The rope will also be of negligible weight compared to the rest of the system
while on land.
3.1.3 Rope Canister Subsystem
The rope canister subsystem is the most complex subsystem and includes many components that
will need to be built or modified. Although there are not any direct specifications that relate to
this subsystem, maximum weight, the specifications for required depth, required deployment
time, system size, time to redeploy, and ease of use are all relevant.
3.1.3.1 Rope Canister Frame
The first and most important consideration our team analyzed required deployment time. For the
system to re-surface, the pin release mechanism must function without impedance from external
factors i.e., marine fouling and corrosion. Since marine fouling should be minimal at the
system’s operating depth, corrosion is a larger concern. After initial research and correspondence
with the Cal Poly pier director, aluminum was chosen for the structural components of the
canister and the pin. Aluminum is common in many other temporary marine applications, and it
is much cheaper and more commercially available than marine grade stainless steel.
3.1.3.2 Re-spooling Process
The system size, time to redeploy, and intuitiveness of the system key factors in the re-spooling
process. As mentioned in the introduction, our team rotated the orientation of the rope canister to
simplify the re-spooling process. The decision was made after researching the Fio Marine
acoustic release and receiver system [8]. This system contains a buoy centered in the rope
canister. When the system is released, the rope unspools and allows the rope canister to surface
before the rest of the system is raised. Our team liked this approach because this would allow the
rope to be re-spooled as the system was winched to the surface which would decrease
redeployment time. To reflect this in our design, the rope canister was rotated 180 degrees and
the buoy was attached to the rope canister’s top using a separate piece of line. Additionally, we
added 40 meters of length to the rope to account for any drift. This increased the system size
because the diameter of the spooled rope would be larger; however, the Dyneema rope has such
a small diameter that this change is negligible. Another important consideration is the rope spool
material. This part of the system will not see large structural loads, so an aluminum pipe and
flange are not necessary. Plastic is common in temporary marine applications, thus replacing the
aluminum with a two-inch PVC pipe threaded into a PVC flange and bolted to the frame was
suitable.
3.1.3.3 Electronics Housing
The most important aspect of the system design is making sure that the servo will be able to
actuate the rope release pin. For this process to occur, the electronics must be protected in a
pressure vessel that is rated to 80 meters. Dr. Ryan Walter in the Physics department
recommended our team investigate the company Blue Robotics which specializes in underwater
electronics housings used for autonomous underwater vehicles. After discussing size
requirements with the CPE team, a four-inch cast acrylic housing was selected due to its depth
rating of 100 meters and affordability [9]. Although the CPE team is responsible for most of the
electronics, we are responsible for selecting the pin servo. After looking online, our team found a
servo that is rated to 100 meters satisfying the 80-meter depth requirement [10].
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3.1.4 Anchor Subsystem
The system’s maximum total weight needs to be under 200 lbs. A secondary requirement of the
anchor subsystem is that the weight must be able to sink the system to a depth of 80 meters.
Typically, commercial systems use 100 pounds of anchor weight. Because of this, we searched
for and selected a 100-pound anchor. Our final design will use a 100-pound cast-iron pyramid
anchor that will not corrode excessively for the deployment duration [4]. Marine fouling is
negligible to this subsystem, unlike some of the other mechanical subsystems. This will be the
heaviest subsystem, so the final design will weigh less than the 200-pound maximum.

3.2 Design Analysis
The Design Analysis section will explain the relevant calculations performed on each
subassembly to verify the performance of the system.
3.2.1 Buoy Subsystem
When determining the buoyant force necessary to suspend and retrieve the device, the system
was first modeled as having a static base in a current of 1 knot flowing perpendicular to the
vertical line. The drag coefficients of the buoy, the rope spool and the frame were calculated
based on the current speed and the geometry of each component. We assumed that the buoy
would act like a smooth sphere and the rope spool similar to a smooth cylinder. We found that
under these conditions, when using a buoy with a buoyant force of 45 lbf, the system would
deflect a maximum of 5.4 degrees from vertical. With the same buoy, we found that the buoyant
force was 350% of the weight of the frame to be brought to the surface, ensuring its ability to do
so reliably. A spreadsheet showing our calculations for these parameters can be seen in
Appendix C.
3.2.2 Rope Subsystem
Given that the maximum tensile load put upon the line in the system will be 100 lbf, the
Dyneema rope chosen should not break since its maximum rated load is 1600 lbf. The rope
density was later used to find the weight contribution of the rope spool to the system with 120m
of line used. Finally, the volume and diameter of the fully wrapped rope was determined using a
spreadsheet shown in Appendix D. The use of Dyneema rope significantly reduced the size of
the rope spool and the system overall.
3.2.3 Rope Canister Subsystem
To determine the appropriate size of the rope canister frame, it was necessary to first calculate
the diameter of the spooled, stacked rope. Assumptions of this calculation include using
Dyneema rope of 7/64” diameter and a length of 120 meters as well as using a spool rod that is
two inches in diameter and eight inches tall. The calculations were performed in Excel and can
been found in Appendix E. The diameter of the spooled, stacked rope was calculated to be 4.04
in. or approximately 100 cm.
3.2.4 Anchor Subsystem
Given that the system is expected to be used on sandy sea floors, the pyramid shape of the
anchor is expected to dig into the sand and secure the system in place. However, we have also
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made a spreadsheet to calculate how the anchor will counter the buoyant force of the buoy as
seen in Appendix F. These calculations show that 311% of the buoyant force is countered by the
100 lb weight in conjunction with the rope spool assembly. Also based on the drag coefficients
of the buoy and frame, it was determined that a current of 4.9 knots would thus be required to
vertically displace the system. With this in mind, we are certain that the system will remain in
place while deployed.

3.3 Design Safety
Although the system will primarily function underwater without the need for human contact,
some safety concerns exist during transportation of the system on land and during deployment of
the system. The system will weigh approximately 120 pounds with most of the weight being
contributed by the anchor. To relieve users of some of the physical exertion required to move the
system, a container will be made to house the system during transportation. A dolly or some type
of a jack device can also be used to move the system up and down elevated surfaces. Another
safety concern was made aware to us by the Cal Poly pier director relating to deployment of the
system. If someone were to be tangled in the rope when the system is deployed, that person
could be dragged underwater. This could be avoided with proper deployment procedures such as
dropping the buoy and rope canister in the water before the weight to ensure that all rope will be
off the boat deck before the weight can freefall to the ocean floor. From analysis, it was also
shown that the system would still be able to function with a smaller weight, so this is something
to consider as well.
The Design Hazard Checklist summarizing the system hazards can be found in Appendix G
along with corrective actions to minimize human injury.

3.4 Design Maintenance and Repair
To determine the failure modes that the system will experience, a Failure Mode and Effects
Analysis (FMEA) was conducted throughout the design process to be able address failure modes
properly. The FMEA table, shown in Appendix H, summarizes the failure modes that were
recognized, and proposes solutions for preventing those kinds of failures while the system is in
operation. Each subsystem has a list of failure modes that range from catastrophic failures to use
and wear failures, with their severity ranked by a Risk Priority Number (RPN). Solutions to
prevent failures are proposed and testing methods to predict failures are listed. These solutions
and testing procedures will significantly reduce the possibility of system failure.
Maintenance and repair of the system will be conducted during the re-deployment of the system.
Besides retrieving hydrophone data and re-spooling the rope, the batteries in the system will
need to be replaced every six months which will be possible with basic equipment. Any marine
growth on the system should be scraped away and the rope should be checked for fraying. The
pin mechanism should also be checked for build-up and the rope canister should be checked for
any corrosion. If there is fraying in the rope or significant corrosion or marine growth on the rope
canister, the system will most likely need to be brought back to land to replace the rope or other
affected components.
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3.5 Design Concerns
Although our team feels the presented design will satisfy the goals presented by the sponsor,
some concerns are still present. One concern is that the servo motor will not have enough power
to remove the pin. This issue is highly dependent on the ability of the CPEs to supply power
from the custom battery pack as well as the mechanical release system our team designed. The
buoy will provide an upward force of 45 pounds on the pin system which will cause static
friction between the pin and the pin slot. It is difficult to find a reliable value for the friction
coefficient between plastic and aluminum, and this value may be much higher in an underwater
setting. To ensure that the pin works properly, tests will be conducted on the pin release
mechanism in both the test pool and the pier, which are 14 feet and 30 feet deep respectively.
Another concern is that the re-spooling process may be more difficult than imagined. Currently,
our team plans to buy some sort of re-spooling device that utilizes a handle that a user can rotate
to spool the rope. This would occur after the buoy and rope canister have surfaced and once the
rope spool has been removed from the rope canister. The remaining rope would then be able to
be re-spooled as the weight is winched to the surface. Our team will need to test the re-spooling
of the system in a marine environment to confirm that the process is intuitive and won’t take too
long to re-deploy. If issues arise, a custom fixture may need to be built; however, this shouldn’t
pose too big of a design challenge.
Finally, the amount of drift the system will experience at a depth of 80 meters is unknown due to
a lack of data of currents off the Central Coast. A high current could cause issues with data
collection, but the buoy should provide a large enough buoyant force to keep the system vertical
in the water column.

4. Manufacturing Plan
The following sections explain how materials and components for the verification prototype will
be obtained, what manufacturing operations will be performed, and how the system will be
assembled.

4.1 Material Procurement
Materials and components will be sourced from an array of companies including Home Depot,
McMaster-Carr, Grainger, and Blue Robotics. A full list of each part with a corresponding
vendor can be found in the iBOM located in Appendix B.
The primary mode of material purchase is facilitated through the Cal Poly Biology Department.
To place an order, each desired product is described and linked in a purchase order form filled
out by our team that is submitted to the Biology Department’s Budget Analysist, Katie Doctor.
Ms. Doctor purchases each order from our listed vendor using funds secured by our sponsor.
Materials are shipped to the Biology Department where our team picks up the packages.
An alternative method of material procurement is a through a traditional purchasereimbursement process. Our team is authorized to make smaller (under $500) material purchases
from local vendors. Our team retains the receipts from these purchases and files for
reimbursement from our sponsor. The primary mode of material purchase is preferred for larger
orders, to ensure approval of purchases and to minimize paperwork hassles for all involved.
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4.2 Manufacturing Operations
Our design features several components which are ready as purchased, and do not require much,
if any, modification to be assembled as final components. These components include, but are not
limited to: the buoy, the anchoring weight, the Dyneema rope, the spool flange, the hydrophone,
the fasteners, the brackets, and other items. It is advantageous to our sponsor to include as many
ready-bought components as possible, to allow for easier replacement of components and
possible replication of the system in the future.
The two subsystems that require significant manufacturing and/or modification are the Rope
Canister and the Mechanical-Electrical Interface, to include the Electronics Housing.
Manufacturing of these subsystems are detailed in the appended Manufacturing Plan, Appendix
I.
Building and modification of all components, excluding those which are ready-bought, will be
conducted in Cal Poly student machine shops, both Mustang ’60 and the Aero Hangar. Required
machines include lathes, band saws, drill presses, an assortment of hand tools, and other tools as
required. The specific tools necessary to manufacture each component are described in the
Manufacturing Plan, Appendix I.
External assistance is not anticipated for the manufacture of all components and assemblies. If
outside help becomes necessary, our team has been granted access to the expertise of the College
of Science and Mathematics’ two full-time machinists, located on campus in Building 52.

4.3 System Assembly
Assembly of the system will be conducted by our team. All subsystems will be attached via the
Dyneema rope. The buoy, anchor, and hydrophone will be attached to the system via Flemish
knots in the Dyneema rope.
The most intricate subassemblies are again the Rope Canister and the Mechanical-Electrical
Interface. Assembly of the Rope Canister is simple, requiring standard mechanical fasteners of
nuts, bolts, and washers. Assembly of the Rope Canister will be performed by our team in oncampus shops.
The assembly of the Mechanical-Electrical Interface and associated components will be
conducted jointly with the CPE team. The assembly process of these components is to be
determined (TBD), pending coordination of procedures with the CPE team.
Assembly procedures are further detailed in Appendix I Several assembly procedures are TBD,
pending approval by our CPE counterparts, who are on a different project timeline than us. We
have been encouraged by the CPE team to keep our assembly process as fluid as possible, to
account for potential conflicts that may arise in our design interfaces.

4.4 Project Management
Our next steps will be to test our structural prototype and begin developing our verification
prototype (VP). Our team will perform tests on the rope canister structural prototype by releasing
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the pin manually and testing the rope unspooling process underwater. Several of our major
components including the buoy, anchor, rope, and waterproof electronics housing will be used as
purchased and will be carried through to our VP. For the VP, we will need to refine the rope
canister assembly and build the pin mechanism. When the VP is complete, we will begin testing
the pin release mechanism and rope unspooling both on land and underwater and we will analyze
the transportability of the system. Then we will complete an instruction manual for the system
and develop an intuitiveness survey about the ease of use of the system. A timeline of these
milestones is presented in Table 2 and can also be viewed in the Gantt chart found in Appendix
J.
Table 2. Timeline for key building and testing milestones.
Task
Start Date
SP Test Day (Cal Poly pool)
2/17/22
Material Test (Avila Beach Pier)
2/18/22
Purchase Order for VP Materials
2/22/22
VP Prototype
3/3/22
Deployment Test (land & Cal Poly pool)
4/28/22
Pressure Test
5/3/22
Transportation Test
5/10/22
Intuitiveness Survey
5/12/22

5. Design Verification Plan
The following section will describe the tests our team plans to perform on the verification
prototype to evaluate the required specifications. The tests for each specification are summarized
in the Design Verification Plan (DVP) in Appendix K and the timeline for these tests can be
found in the Gantt chart in Appendix J.

5.1 Specification Evaluation
The specifications for our system have been divided into two categories: usability and
deployment.
5.1.1 Usability Specifications
The system must be heavy enough to sink to the bottom of the ocean and remain firmly anchored
on the ocean floor for the duration of the deployment. In addition, it needs to be light enough to
be carried by two people. For this reason, the weight of the system must be between 100 and 200
lbs. To evaluate this specification, we will be weighing the completed system to ensure that it
falls withing this weight range.
The system must be able to be transported, deployed, and retrieved by two people or less. The
main transportation concerns are the weight of the system and how it will be packaged during
transportation. We will evaluate this specification by having different team members carry,
deploy, and retrieve the system in groups of one or two people and report the level of difficulty
they experienced during the process.
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To deploy the system, it must be small enough to fit on the Cal Poly boat which is approximately
12x6x3ft large. To test this specification, we will measure the size of our assembled system.
Based on the current design plans detailed in this report, we do not anticipate exceeding this size
constraint.
The system will be very heavy and include long lengths of rope which could cause the system to
become a safety hazard if used improperly. For this reason, we want our device to be as intuitive
as possible so that it is easy for people to use it safely. To evaluate this specification, we will
perform a study where we present people with an instruction manual and our system and ask
them to fill out a survey evaluating how easy the directions were to follow and how intuitively
the device was to operate.
5.1.2 Deployment Specifications
The deployment process should be simple and easy to execute so it should not take more than 45
minutes to an hour to complete. To test this specification, we will practice deploying the system
and timing the process to confirm that it can be done within the desired time frame.
The system must be easily located after the release system upon retrieval so the buoy must
resurface within 290 ft of the initial deployment location. If the buoy drifts any further than this
distance, it will not reach the surface of the ocean and it will be difficult to locate. We will
evaluate this specification by deploying the system off the Avila beach pier and measuring how
far the buoy lands from the deployment site once it resurfaces. We will scale this number up for
our full depth rating because the pier is shallower than 80 meters
The system must be able to be redeployed a minimum of two times so that data can be recorded
over three consecutive six month periods. To evaluate this specification, we will deploy our
system in the Cal Poly pool, reset the system, and redeploy it several times to ensure that it can
be easily reset and reused.
The system must be deployable to a minimum of 80 meters. To meet this specification, we will
make the rope length 50% longer than this value (for a total length of 120 meters) so that our
buoy will be able to reach the surface upon retrieval even if it drifts significantly as it ascends.
To test this specification, we will be pressure testing the waterproof electronics housings to
ensure that they will maintain their structure at the 80-meter depth. We will do this by
performing a vacuum test on the housings using a vacuum pump and measure whether any
pressure is lost during the test.

6. Conclusion
Since PDR, our team has performed more in-depth research, analyses, and prototype testing that
will help produce a functioning verification prototype. This prototype should meet the required
specifications, operate in a safe manner, and be manufactured in a way that can be replicated in
the future. Key next steps include ordering the remaining system components, manufacturing and
assembling the system, and performing multiple tests to verify the functionality of the chosen
design.
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If there are any questions or concerns with the purchasing, build, or test plans described in this
document, the sponsor should inform the ME team as soon as possible.
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4” Watertight Enclosure and Endcaps– Parts #11110,11111,11112
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Potted Cable Penetrator – Part #11115

B
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Cable Penetrator Blank – Part #11116
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Sc. 80 threaded PVC Pipe – Part #11210

D
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2" Sc. 80 PVC Flange – Part #11220
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Aluminum Sheeting – Part #11310
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Aluminum Tubing – Part #11320
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Corner Brackets – Part #11330
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Rigid Longline Float - 14" Dia. – Part #12000
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7/64" x 600' Dyneema Line – Part #13000
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100lb Pyramid Mooring Anchor – Part #14000
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Appendix C

Buoy Parameters
Metric

Imperial

Diameter (m, in)
Material Density (kg/m^3, lb/ft^3)

0.3556
1026

14
64.05

Cd
Drag Force (N, lbf)
Buoyant Force (N, lbf)

0.45
6.08
200.17

1.37
45

Re (Buoy)
Re (Rope Spool)
Re (Frame, Side)
Re (Frame, Underside)
Angle in current (degrees)
% rope system weight countered by
buoy

1126.09
0
965.22
965.22
84.62
348.97
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Appendix D

Line Parameters
Diameter (m, in)
Safe Load (N, lbf)
L1 (m, ft)
L2 (m, ft)
L3 (m, ft)
Max Tensile force in rope (N, lbf)

0.00278
7117.12
0.9144
0.9144
0.9144
257.53
502.18

0.109
1600
3
3
3
58
112.90

0.3048
0.3048
0.127
8.01
16.66
32.69
57.36

12
12
5
1.8
3.75
7.35
12.90

Spool+Frame Parameters
Height (m, in)
Width (m, in)
Thickness (m, in)
Line Weight (N, lbf)
Frame Weight (N, lbf)
Electronics Weight (N, lbf)
Total Weight (N, lbf)

G

ME Senior Design Project

Critical Design Review Report

February 2022

Appendix E

H

ME Senior Design Project

Critical Design Review Report

February 2022

Appendix F

Weight Parameters
Weight (N, lbf)
% Buoyancy countered by weight
Upward force to displace (N, lbf)
Water speed required to displace (m/s, ft/s)

444.82
311
302.01
2.54

100
67.90
4.94
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Appendix G
Design Hazard Checklist
Y

N





1. Will any part of the design create hazardous revolving, reciprocating, running,
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or
similar action, including pinch points and sheer points?





2. Can any part of the design undergo high accelerations/decelerations?





3. Will the system have any large moving masses or large forces?





4. Will the system produce a projectile?





5. Would it be possible for the system to fall under gravity creating injury?





6. Will a user be exposed to overhanging weights as part of the design?





7. Will the system have any sharp edges?





8. Will any part of the electrical systems not be grounded?





9. Will there be any large batteries or electrical voltage in the system above 40 V?





10. Will there be any stored energy in the system such as batteries, flywheels,
hanging weights or pressurized fluids?





11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of
the system?





12. Will the user of the design be required to exert any abnormal effort or physical
posture during the use of the design?





13. Will there be any materials known to be hazardous to humans involved in
either the design or the manufacturing of the design?





14. Can the system generate high levels of noise?





15. Will the device/system be exposed to extreme environmental conditions such
as fog, humidity, cold, high temperatures, etc.?





16. Is it possible for the system to be used in an unsafe manner?





17. Will there be any other potential hazards not listed above? If yes, please
explain on reverse.
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Hazard Corrective Actions
Description of Hazard

System has large mass that
needs to be moved by user

Planned Corrective Action
Create protective case to make
transportation of system easier and prevent
injury from dropping the system.

Planned Actual
Date
Date
04/22/22

Create instruction manual so the user
knows how to handle the system safely.

03/11/22

Battery (and other electronics) will be
housed in a waterproof container to
prevent damage.

N/A

Some sort of dolly or jack system can be
used to move the final device up and down
from elevated surfaces.

N/A

Materials used in the design will be
minimally corrosive and abrasion/stretch
resistant.

N/A

System could cause injury if
dropped.

System contains a battery
User may need to exert
abnormal effort or physical
posture during the use of the
design
The system will be exposed
to sea water for extended
periods of time

K

ME Senior Design Project

Critical Design Review Report

February 2022

Appendix H

L

ME Senior Design Project

Critical Design Review Report

February 2022

Appendix I
Manufacturing Plan
I. Rope Canister
a. Container
i. Aluminum Tubing
1. Cut four pieces of aluminum tubing to 11.5”.
2. Deburr edges.
3. Drill two holes to accommodate M8 screws, centered on the tubing
at 3/8” from each edge.
4. On one side of the tubing, drill 13mm holes to allow the bolt head
clearance.
ii. Aluminum Sheets
1. Place 12”x12” Aluminum sheets on Waterjet.
2. Run pre-designed waterjet file to cut sheet to size and locate holes
in desired locations.
b. Pin
i. Cut aluminum dowel to size (length TBD)
ii. Bevel edges of pin
c. Spool Rod
i. Cut PVC Pipe to 9” length.
ii. Sand edges
iii. Thread PVC pipe using lathe.
iv. Prime PVC threads on both sides
v. Apply PVC glue to threads
vi. Thread PVC pipe into flange
II. Re-Spooler Subsystem
a. Re-Spooler
i. Manufacturing Process TBD, dependent on needs of Cal Poly pier
deployment team.
III. Waterproof Electronics Housing
a. Servo Linkage Arm
i. Manufacturing Process TBD, dependent on design to come from CPE
counterpart team.
b. Plastic Watertight Housing
i. BlueRobotics Watertight Enclosure for ROV/AUV modified to seat D-cell
batteries.
ii. 3D print battery holder discs in Cal Poly 3D printers. (See CAD model of
battery holder discs.)
c. Hydrophone Mount
i. Manufacturing plan TBD, dependent on CPE hydrophone selection and
desired mounting location.
d. Circuit Mounting Hardware
M

ME Senior Design Project

Critical Design Review Report

February 2022

i. Manufacturing plan TBD, dependent on CPE circuit design and mounting
location.
Assembly Plan
1. Rope Canister
a. Arrange aluminum tubing to form two rectangles with the 6in pieces across the
top and bottom of each rectangle and the 8in pieces at the sides.
b. Place the brackets in the inner corners of each rectangle and secure using M8-1.25
x 20mm fasteners.
c. Fasten the threaded flange to the bottom aluminum sheet using 5/8-15 x1in
d. Place the 6in side of the rectangle aluminum frames along the each 6” side of the
bottom aluminum sheet. Secure using M8-1.25x20mm fasteners.
e. Repeat step C to secure the top aluminum sheet.
f. Secure the pin brackets to the top aluminum sheet using the bolts.
2. Waterproof Electronics Housing
a. Servo Linkage Arm
i. Fasten linkage to Pin with mechanical fasteners (TBD).
ii. Attach servo arm to linkage with mechanical fasteners (TBD).
b. Plastic Watertight Housing
i. Drop the bottom battery holder disc into housing.
ii. Lower 6 D-Cell batteries into housing in correct configuration.
iii. Repeat steps I. and ii. Using the other battery separators and D batteries.
c. Hydrophone Mount
i. Assembly Plan TBD, dependent on CPE hydrophone selection.
d. Circuit Mounting Hardware
i. Assembly plan TBD, dependent on CPE circuit mounting design.
3. Buoy
a. Knot top end of rope to buoy eyelet hole.
4. Hydrophone
a. Measure TBD ft from the bottom of the rope and knot the hydrophone to the rope
at this location.
5. Re-spooler
a. Assembly TBD dependent on Cal Poly Pier needs.
6. Weight
a. Knot bottom end of rope to anchor eyelet hole.
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1. Design Updates
Since the critical design review (CDR), we have made a few changes. Most of these changes
surround the rope spool itself, including the addition of a spool rod end, updated battery holders,
pin brackets, support for the electronics enclosures, and converting the bottom and top plates to
full aluminum construction.

1.1 Addition of Spool Rod End
To prevent the anchor line from falling off the spool, a 3D-printed top cap was added to the
spool assembly. This top cap secures the line to the spool and prevents any chance of the rope
detaching from the main spool assembly. In addition, the top cap includes a canted channel, seen
in the top-right of Figure 1, for the rope so that it is not in the way when the assembly is
unspooling.

Figure 1: CAD model of spool rod top
The top cap has a clearance fit onto the spooling tube and is held on by pinning the top cap onto
the tube using a bolt.

1.2 Battery Holder Modifications
Since CDR, the battery holder has been updated to include correctly dimensioned clip holders,
material removal to make replacing the batteries easier, rounding to help with the rotation of the
part when installing the batteries, and hex nut cutouts to help fit compression rods. The finished
design, with wire channels and spring holders, is shown in Figure 2.
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Figure 2: CAD model of battery base
These changes allow the battery holders to only have one design, making them easier to use, and
allow the batteries to be replaced while keeping the end flanges of the tubes in place. This allows
operators to only remove 8 bolts from one of the face plates of the battery compartment to
replace the batteries instead of removing the entire end flange of the compartment to replace the
batteries. This reduces the likelihood of o-ring failure and increases the reliability of the
electronics enclosures.

1.3 Pin brackets designed and manufactured
The pin brackets are manufactured out of 0.08” aluminum. This was chosen because of the ease
of manufacturability and the known friction coefficients between the pin brackets and the pin
itself, which is made from polished aluminum. Figure 3 shows the initial design of the pin
bracket.

Figure 3: Pin bracket design
During the manufacturing process of this pin bracket, we had issues with over-bending the
brackets themselves, which led to stress cracking of the brackets. Because of the prevalence of
these stress cracks, the strength of the brackets themselves is less than we had expected. As a
contingency plan, we also purchased stainless steel brackets that should work with the current
system. These are made of cast stainless steel and provide greater strength and durability.

1.4 Servo pin mechanism designed and manufactured
The pin mechanism’s arm was designed and manufactured to provide good mechanical
advantage to remove the pin, allowing the buoy and assembly to return to the surface. This
assembly consists of two aluminum plates, shown in figure 4, which act as movement arms in the
linkage, and shoulder bolts, which act as rotational points. The linkage is designed to maximize
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the force provided to remove the pin. This is done to minimize the likelihood of the pin binding
upon release.

Figure 4: Added pin mechanism

1.5 Side support for electronics enclosure
Because the electronics enclosures come with side brackets that have four mounting holes, we
needed to add plates on each side of the assembly to mount the tubes securely, shown in Figure
5. To mount the tubes, we bolted the tube clamps onto the installed plates.

Figure 5: Added side support plates
As an added benefit of these plates, the entire frame became much more rigid. These plates also
provide more space to mount future attachments, like the receiving hydrophone.

1.6 Conversion to full aluminum for top and bottom plates
Due to a material ordering error earlier in the build process, composite plates for the top and
bottom plates, which are much less strong, were used. These plates could be subject to
delamination of the aluminum-plastic sandwich under the high pressures that are seen 80 meters
underwater, which was not accounted for when they were ordered and is something we needed to
avoid. To fix this mistake, these composite plates were replaced with solid aluminum plates.
These solid aluminum plates were also manufactured on the waterjet, and then finished by hand.
One slight modification was made to the plates prior to installation: a cutout the size of the servo
mount was created to mount the servo. To install these plates onto the assembly, the old plates
were un-bolted, and the new ones were re-bolted on.
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2. Manufacturing
The manufacturing process of the verification prototype includes part procurement, outsourcing,
individual part manufacturing, and assembly. These manufacturing steps are described in detail
below.

2.1 Procurement
The materials used in the manufacturing of the verification prototype were primarily procured
via online ordering through the Cal Poly Biology Department. In-store shopping was used as a
secondary procurement method to expediate the time to acquire common materials available at
local San Luis Obispo stores.
The list of expenses for final components and materials used to produce the verification
prototype can be found in Appendix A.

2.2 Outsourcing
Although most of the verification prototype manufacturing was done by our team, some
components required outsourcing to increase precision and decrease cost.
2.2.1 Waterjet Aluminum Plates
To produce precise aluminum components with good tolerances, the raw aluminum plates
purchased from McMaster-Carr were given to the shop technicians at the Mustang ’60 student
shop to perform a water jetting process. The CAD models designed by our team detailing the
desired profile and cutouts of the flat aluminum plates and servo linkages of the rope canister
were used by the technicians to perform this process. Although the water jetting produced parts
with cutouts in the appropriate locations, further drilling was performed on the holes to remove
burs and bring the parts to specification. Drill bits for each hole size were selected and drilled
through the existing cut-out locations made by the water jet.
2.2.2 3D Printed Components
Some components of the rope canister required custom fits that only be produced cost effectively
with 3D printing. The designs of the spool flange and battery bases were performed by our team
and the CAD models were sent to Innovation Sandbox to be printed in PLA. The resulting spool
flange can be seen in Figure 6 and one of the battery bases can be seen in Figure 7.
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Figure 6: 3D printed spool flange

Figure 7: 3D printed battery base
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2.3 Manufacturing
Components requiring manufacturing that could be performed by our team include the square
aluminum tubing, the aluminum and plastic pins, the pin brackets, and the brackets near the
servo. The steps to manufacture each component are listed below and the final verification
prototype can be seen in Figure 8.
1. Square Aluminum Tubing:
 The stock lengths of aluminum were cut into four 11” segments
 Four ¼" diameter holes were drilled at the ends and about the midpoint of the
tube through both walls.
 The drilled ¼" holes were used for positional alignment to drill four ½" holes
through one tube wall. The two holes at
2. Aluminum and Plastic Pins:
 The aluminum and plastic pins were manufactured in the same manner
 The stock rods were cut to rough length using the band saw.
 Each rod was faced on both sides via end mill.
 The cut-out profile of each rod was completed using the end mill, to provide a
connecting face for the pin linkages.
 The holes on the cut-out profile were cut using a drill press.
3. Pin Brackets:
 Two pin brackets were manufactured from flat plate aluminum stock.
 The aluminum stock was cut into two strips ½" x8”.
 Using the finger brake, these strips were bent into shape, except for the final bend.
 The final bend on the brackets was made using a rubber mallet and a vise.
 The drill press was used to cut two holes in the bracket for mounting.
 Lastly, the excess material on the faces of the brackets were removed using the
band saw.
4. Brackets on Servo Side:
 The two brackets nearest to the servo mounting area were milled down to create
room for the servo.
 The width of the brackets was reduced by ¼" along the smallest face
5. Rope Sections:
 Each rope section was measured with a tape measure and cut to size.
 The ends of each rope section were spliced using the Brummel eye splice
technique.
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Figure 8: Rope Canister Final Prototype with electronics

2.4 Assembly
The following bullet points detail the order in which assembly of the verification prototype
occurred:
 The square tubing sections were joined at 90 degrees to the top and bottom plates
using the aluminum square brackets and fasteners. The two milled brackets were
positioned at the corner with the cut servo slot.
 The mounting plates were fastened to the tubing at the holes closer to the tube
midpoint.
 The electronics housings were fully assembled, and the clamps secured around the
midpoint of the acrylic tube. The two clamp and housing assemblies were then
fastened to the mounting plates.
 The two pin brackets were fastened to the top plate adjacent to the larger hole.
 The servo was placed in the cut servo slot and fastened to the adjacent holes. Ten
washers were placed one the bolts between the servo and the plate for positioning.
 The aluminum servo horn, servo link and pin were fastened end to end in their
respective order. Washers were used to fine tune the link fits so they were secure,
yet free to rotate. The pin was slid into the brackets and the servo horn was
aligned and fastened to the servo rotor.
 The shorter stainless-steel loop was fastened on the inside of the frame using
washers and the coupling nut, on the outside of the frame, to hold it in the upper
plate’s center hole. The longer loop was then fastened to the other end of the
coupling nut.
 The 3D printed flange was fastened to the top of the spool rod. Before spooling,
line was routed through the center of the spool rod to provide slack for connection
to the loops. Then, using the rope spooler, 400ft of dyneema line was spooled
around the rod as tightly as possible.
 The slack from the spool was connected to the loop using stainless steel
carabiners. The spooled rod was then fastened to the top plate. The loose end of
the rope was then fastened around the pin with a steel carabiner.
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Two of the three-foot-long rope segments were joined with a stainless-steel
carabiner. One loose end was then connected to the buoy with a large clip
carabiner. The other loose end was connected to the free stainless-steel loop on
the outside of the cannister.
The final three-foot length of rope was connected via carabiners at one end to the
pin and at the other end to the 100lb weight loop.
The complete assembly of the buoy-rope canister system can be seen below in
Figure 9. A close-up of the completed rope canister without electronics can be
seen in Figure 10.

Figure 9: Complete Assembly except connection to 100lb weight; prior to electronics
installation

Figure 10: Up-close image of rope canister; prior to electronics installation
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2.5 Challenges
Many challenges were encountered and overcome on the way to producing our verification
prototype. A consistent challenge we dealt with was all aspects of procuring and installing
fasteners. Several times throughout the year, our orders were incorrectly fulfilled by suppliers,
leaving us with missing parts or incorrect hardware. This challenge was overcome by taking
matters into our own hands as often as possible by shopping at hardware stores local to San Luis
Obispo.
Another challenge we handled during assembly was the mating of linkage arms to the pin.
Specifically, it was difficult to face the pin in such a way to allow proper fitment of the linkage
arms at the correct elevation and angle. This challenge was overcome via the help of several
shop technicians and creative solution ideation.
Additionally, risk mitigation has been a challenge for our team throughout the length of the
project. For example, it would have been unavoidable to eliminate a large, dense anchor from our
system. With varying lengths of rope, entanglement and drowning is a serious concern for
operators. Risk assessment was carried out for this and other scenarios, which are detailed in
Appendix B. Each risk was categorized for its likelihood and was ranked on a scaled of lowhigh.
A final challenge we encountered was how to explain the intricacies of the system to the final
users, who are not familiar with the design or its operation. From this challenge came the User
Manual, attached in Appendix C, which highlights the operation and maintenance of the system,
as well as the cautions and warmings to understand whilst operating the system.

3. Design Verification
After completing our verification prototype, our team began evaluating whether the system met
the specifications outlined in our DVP&R which can be found in Appendix D. A series of test
procedures were developed to test our key specifications and can be found in Appendix E. The
DVP&R was also updated to include the results of our testing. A summary of our specifications
and whether they were met can be found in Table 1. Most specifications were met successfully
except for the pressure and pin removal specifications.
Table 1: Specifications and pass/fail results from testing.
Specification
System weights < 150 lbs
Force required to break spliced rope > 300 lbs
Total production cost < $10,000
No pressure increase in vacuumed electronics housing after 2 hours
Complete system is < 12x6x3 ft
Force required to remove pin from brackets < 40 lbs
Rope respooling time < 30 minutes
Pin removal successful > 2 times
Ascent drift < 290 ft
4/5 star intuitiveness rating

Pass/Fail
Passed
Passed
Passed
Failed
Passed
Passed
Passed
Failed
Untested
Untested
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3.1 System tests and results
A full list of all tests and results can be found in Appendix D. The test procedures can be found
in Appendix E. A more detailed explanation of each test is described below.
3.1.1 System weight requirement
After completing our verification prototype, we weighed the system and found that it came out to
130 lbs which met our specification.
3.1.2 Production cost requirement
After all purchasing had been completed, we calculated our total spending to be $2315.85 which
was less than a quarter of the budget we were allotted. A complete budget for the project
detailing all expenses can be found in Appendix A.
3.1.3 System size requirement
After completing our verification prototype, we measured our system and found that it took up
3x3x2 ft of space which is well within our size specification.
3.1.4 Dyneema tensile testing
The first test our team performed involved tensile testing Dyneema rope to determine its yield
strength. Although a tensile test would only reveal the maximum static loading the rope could
withstand, this value could then be multiplied by a safety factor to better approximate a dynamic
loading. When the device is dropped from the boat, the 100-lb weight will provide tension to the
rope and the device will accelerate until terminal velocity is reached. This is a dynamic loading
condition, but campus equipment available to our team only accommodates static loading
conditions. Our team tested three pieces of rope with splices on each side; a portion of a sample
piece can be seen in Figure 11.

Figure 11: Spliced piece of Dyneema
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An example of one of these spliced pieces of rope in static loading on the tensile tested can be
seen in Figure 12.

Figure 12: Spliced rope loaded in tensile tester
After testing three samples, a graph displaying the maximum breaking strengths of each sample
was generated and can be seen in Figure 13.
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Figure 13: Breaking strengths of Dyneema
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The red line displays the minimum breaking strength required by the system. This value
represents the 100-lb weight with an additional safety factor of three bringing the minimum
breaking strength to 300-lb required to be held by the rope. All three tested samples yielded a
breaking strength that far exceeded the minimum requirement. These breaking strengths can be
seen in Table 2 along with an average breaking strength.

Test 1
Test 2
Test 2
Average

Table 2: Breaking strengths of rope samples
Test Number
Breaking Strength
8357.6
8838.5
8640.8
8612.3

The failure modes of the Dyneema can be seen in Figure 14.

Figure 14: Failure modes of Dyneema
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3.1.5 Electronics Housing Pressure Test
The next test our team performed aimed to test the seal on our waterproof electronics housing.
To perform this test, our team wanted to vacuum seal the enclosures and monitor the pressure
over time to ensure that it remained the same. The pass criteria of this test required that there be
no increase in the pressure within the enclosure over a two-hour period. We ran the vacuum
pump for 30 minutes before disconnecting it to ensure that all the air had been drawn from the
enclosure. Then we recorded the pressure in the enclosure every 15 minutes over a 2-hour
period. Figure 15 shows that the pressure initially increased but leveled out after approximately
1.5 hours.
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Figure 15: Pressure in the electronics enclosures over time
While our system did not pass this test, we cannot definitively say that the pressure change was
due to leaks in the enclosure. Because we were unable to test each enclosure individually, we
believe that this pressure increase may be due to air passing through the wires between the two
tubes. If we were to perform this test again, we would need to purchase additional plugs for the
holes in the top of the enclosures and test them separately. We determined that it would be
worthwhile to submerge the enclosures in the Cal Poly pool to check for any noticeable leaks.
No leaks were observed during testing; however, we cannot ensure that leaks will not occur at
the 80-meter depth that the system is intended for.
3.1.6 Pin Friction test
In order to determine the force required from the servo to remove the pin from the brackets, we
used a force gauge to apply a 45lb force perpendicular to the pin to simulate the upward force of
the buoy on the pin. We then attached a second force gauge to the pin and pulled in the axial
direction to measure how much force would be required to slide the pin out of the brackets. From
this test, we determined that it would take approximately 22lbs to remove the pin from the
brackets which was well below the maximum force of 40lbs that could be supplied by the servo.
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3.1.7 Pin Release test
This test consists of trying to release the pin under water using the production buoy and weights.
To perform this test, our team submerged the pin assembly, and with the help of the CPE team,
we triggered the pin using a 5-minute timer set on an Arduino. This Arduino sends a PWM open
signal to the servo once the 5-minute timer expires. Once this signal is sent, the pin should
release, and the assembly should return to the surface of the water. For this test, we submerged
the assembly in the 14-foot end of the Cal Poly diving pool. This required us to set the timer, seal
the electronics enclosures, and then submerge the assembly. The submerged device can be seen
in Figure 16.

Figure 16: Assembly in Pool
After submerging the assembly, we waited for the pin to release. The pin, however, could not
provide enough force to release the assembly. We think that the failure is related to both the
buoyancy of the electronics enclosures, which provide a non-negligible 12 pounds of buoyancy
that had not been accounted for, and the increase in friction force from the pin becoming a lever
arm when it leaves the first pin bracket but is still load bearing. These reasons are fixable, and
our team will provide further guidance on how we should proceed in modifying this component
of our design.
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3.1.8 Re-spooling test
For this test, we determined the time required to respool the entire 400 feet of line to be used on
the system. Our goal was to reduce the time to under 30 minutes to roughly match the time it
may take to reset the other system components on the boat. Prior to the test, we built a separate
respooling device to connect to and rotate the spool rod that can be seen in Figure 17.

Figure 17: Rope Spooling Mechanism
After removing the fully spooled rod from the rest of the system we unspooled 100 ft of line
measured in 25 ft increments between two chairs. One person started a timer as another began respooling the rope using the spooling device until all released line had been spooled. Through this
process it was found that it took two minutes to spool 100 ft of line. Interpolating this
information and adding time for setup, we determined that it would take 10 minutes to spool all
400 ft of line required in the system. This falls well within our initial specification. We also
determined that work gloves should be worn by the person operating the spooler to avoid any
rope burns or splinters from the device. It should also be noted that the rope was laid out without
any tangles during this test, so the respooling process could take longer if the rope becomes
tangled during retrieval.
3.1.9 Incomplete tests
An important aspect of this project included having access to the finalized electronics provided
from the CPE team. Unfortunately, the CPE team was unable to provide our team with a
complete electronics system at the conclusion of the project, so some planned tests were unable
to be performed. These included an intuitiveness survey and a drift test. The survey would have
verified whether the system was able to be used by a wide range of people who may be using the
system in the future. The drift test would have verified if the system would surface in an
appropriate vicinity to its’ position on the ocean floor.
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3.2 Challenges
Throughout senior design, our team faced many challenges. Developing a device to operate in a
deep marine environment is a difficult task, and there are often a lack of materials and devices
that are commercially available. For example, after extensive research, only one servo motor that
fit the key customer requirements was found and subsequently purchased even though it was
unclear that the servo would be powerful enough to retract the pin. This in turn made it difficult
to design the pin mechanism.
Another difficulty was developing test procedures that would help verify the device would meet
specifications. Our team was unable to test our device in 80 m of water, so we had to improvise
and instead determine if the electronics housings could hold a vacuum. We originally thought
that if the vacuum was not held, this would mean our device would be unable to protect the
electronics at 80 m; however, our team only vacuumed sealed one container and didn’t consider
the other container leaking air through a connected cable. In performing this test, our team
learned that it's important to consider multiple outcomes of a test rather than looking for a
pass/fail criteria.

3.3 Recommendations for future testing
Due to the lack of completed electronic components, we were limited to testing in depths of
water at which a person could swim because we did not have the acoustic release functionality.
Once the electronics are working, we would recommend testing the system in the ocean at
greater depths to observe the effects of the pressure on the electronics housing and determine
how far the buoy drifts upon ascent. In addition, we would recommend purchasing additional
plugs for the electronics housings so that each tube could be pressure tested individually. We
would also recommend having a focus group read the completed user manual (including the
directions for operating the electronics provided by the computer engineering team) to ensure
that the system is reasonably easy to understand and operate.

4. Discussion and Recommendations
In reflecting on our design process, we recognize how certain requirements of this system
heavily impacted our success. Most importantly, the leave no trace specification required us to
go through a much more extensive ideation phase, ruling out many of our initial designs. Had our
initial goal been to replicate an existing commercial design, it is possible that the final product
would have been more successful. However, analyzing the system from its most basic functions
and narrowing in on the device that we produced certainly provided us a better understanding of
why each component was necessary.
Our primary recommendation moving forward with the design is the addition of a third bracket
to improve the performance of the pin release system. This bracket would be placed slightly over
the line hole on the side nearest to the servo. It would also provide just enough space to allow for
a carabiner to fit between the two brackets. This addition would both reduce the play in the
carabiner as it sits on the pin and reduce the moment on the pin that currently causes the
mechanism to freeze. The proposed orientation of this bracket can be seen in Figure 18.
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Figure 18: Future third bracket placement for improved pin release performance
A second design recommendation would be to reduce the depth of the slot on the rope spool
flange. This slot was added when we realized that if the rope was routed over the lip of the
flange, the unspooling line might then catch on it. However, we ran into an issue when the
unspooling rope caught on the slot itself during testing, which caused the system to stay near the
bottom of the pool. To remedy this, we suggest that either a new flange be designed or the
existing slot be filled such that a channel half the rope’s diameter in depth runs along the surface
of the flange. This should allow the unspooling rope to move smoothly over the half of the rope
exposed along the spool flange.
We would also encourage future stakeholders to optimize the weight to buoyancy force ratio for
different applications. For our design, we derived our buoyancy specification based on a
defection limit of five degrees in a maximum flow condition of one knot. If it was determined
that flow conditions would consistently fall below this maximum or that a greater deflection
could be tolerated, the buoyant force necessary could be reduced. Similarly, we determined the
weight necessary to sink the device using a high factor of safety to compensate for the lack of
real depth testing. However, to improve the safety and operability of the system, a smaller weight
might be used. Since both specifications were determined theoretically, further testing in a realworld environment could better inform reductions to buoyancy and overall weight. These
changes would also tie into overall reductions of the weight and size of the system, our final
recommendation.
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5. Conclusion
At the conclusion of this project, our team was able to design a system that could submerge,
suspend, and surface a data acquisition hydrophone. Although the realization of this design could
not properly release to reach the surface of the water, it provides a platform to improve upon so
that a functional product can be completed in the future. The corollary CPE team did not provide
our team with a functional acoustic release for the distance required by the project deadline, but
we were still able to test the pin mechanism using another solution. From the results of this test,
continuing work with this project should be straightforward to build a functional final design.
We are confident that the current design is moving in the correct direction. This project was a
large undertaking for a team of unexperienced engineers, but through the work that we did, we
learned about how to design a better underwater acoustic release system.
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Appendix C – User Manual
This user manual includes instructions for device use and important safety information. Read this
section entirely including all safety warnings and cautions before using the device.
Transportation
Follow the subsequent steps to safely transport the device to the Cal Poly boat:
Important: The device should be brought by car to the end of the pier.
1. Lift device from previous mode of transport to the wheelbarrow on the pier.
Caution:

This device is heavy and can cause injury if dropped onto a
body part. Use caution when lifting or lowering the device.

2. Carefully roll the wheelbarrow onto the Cal Poly boat from the pier. Take care to lift
wheelbarrow above the gap between the edge of the pier and the boat. Roll the
wheelbarrow close to the where the device will be deployed from.
Deployment
To properly deploy the device, the entire system must be carefully moved off the boat and into
the water such that the weight will bring the entire system to the ocean floor in the right
orientation.
1. Ensure that the electronics preparation procedures have been completed as specified by
the CPE user manual.
2. Ensure that the pin is properly positioned and the rope is properly attached to the
mechanism.
3. Use a short length of rope to tie the wheelbarrow to a cleat on the boat gunwalls as close
to the side door as possible. This will ensure the system is not lost into the ocean.
4. Ensure that the components of the device are oriented sequentially in the wheelbarrow
with the weight at the front and the buoy at the back.
5. Open the side door of the boat and position the wheelbarrow such that the front end is
pointing out towards the water.
Caution: Once the side door has been opened the risk for operators falling
overboard increases. Users should position themselves securely and avoid
moving about the boat during the process.
6. Carefully tip the wheelbarrow until the weight slides into the water. Once this occurs
have another person watch to verify that the system components enter the water
sequentially as the weight pulls them over.
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Warning: The weight pulling the system into the water presents a risk of human
entanglement which could result in serious injury or death. Ensure that all users are
clear of the weight and any lengths of rope while the system is deployed
7. Move the wheelbarrow back into the middle of the boat and close the side door.
8. Record the coordinates of the deployment site for future reference.
Retrieval
Retrieval of the device entails locating the device, transmitting a signal to activate release, and
hoisting the device back onto the deployment boat. For this process, the Cal Poly boat with an
on-board davit is required, along with the deck box with the transmitting equipment. The steps
for this process are outlined below:
1. Return to the coordinates noted during deployment of the device.
2. Reference Computer Engineering User Manual for transmission procedures.
3. As the pin is released, the buoy will carry all components except the anchor to the
surface. Once the buoy reaches the surface, boat operators must locate the bright orange
buoy on the surface.
4. Mobilize to the buoy, and manually bring the buoy on-board. By hand, bring the buoy,
hydrophone, and rope canister on-board.
5. Following the rope canister is an uninterrupted line of rope directly to the anchor.
6. Prepare the canister for respooling by removing the four (4) bolts attaching the spool to
the rope canister.
7. Using these same bolts, fasten the spool to the respooling device, and prepare for
respooling.
8. Detach the line from the base of the rope canister and feed it through the davit and around
the spool.
9. Begin operation of the davit, while simultaneously re-spooling the line.
10. Continue respooling until the anchor is near the davit.
11. Once the anchor is near the davit and removed from the water, swing the davit arm to
place the anchor on the boat.
12. Retrieval is now complete.
Re-spooling
Respooling the system entails gathering the rope, attaching the spool rod to the respooling
device, and respooling the rope itself. For this process, the re-spooling device, a drill or hand
crank, and the system rope is required. The steps for this process are outlined below:
1. Gather rope into a neat coil.
2. Attach empty spool rod to spooling device using two of the four bolts. These can be
threaded on and tightened by hand.
3. Thread rope through the center of the spool rod end and attach one of the carabiners to
the end.
4. Ensure that the rope is resting in the channel in the rod end.
5. Attach drill or hand crank to the spooling device.
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6. Begin spooling the rope by guiding the rope up and down the spool rod while turning the
spooling device. It does not matter whether the rope is neatly spooled; it will unspool if
the same tension is kept while spooling.
7. Continue spooling the rest of the rope until it is completely spooled.
8. Once the rope is all on the spool, remove the spool rod from the spooling device, and
reattach the rope and spool rod to the assembly.
9. The assembly is now respooled.
Maintenance
Perform the following maintenance checks during each retrieval process:
 Although biofouling has not been identified as a concern, there may be marine growth on
the device noticeable during retrieval. If this is the case, make sure to scape away any
growth to prevent interference with mechanical components.
 During re-spooling and retrieval, check the Dyneema rope for any signs of fraying and
wear. If the rope shows signs of breakage, the device will need to be brought back on
land to replace the rope in the system.
 During each retrieval of the system, the o-rings should be inspected and replaced with
lubricated o-rings if necessary. After 12 months of use, the o-rings should be replaced
with new lubricated o-rings.
 If there is any noticeable wear on the wetlink penetrators, then replace the seals with the
spare seals. These seals should only be compressed once, and the wires should be cleaned
before installation. See the link above for installation instructions.
 After each retrieval, the batteries need to be replaced. To replace the batteries, remove the
top cap from the battery enclosure, and un-thread the three nuts from the retaining rods.
Then, remove the first battery holder and disconnect the leads. Repeat this process until
all the batteries are removed, and then replace them in the opposite order.
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Appendix D – DVP&R
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Appendix E – Test Procedures

Test Procedure #2
Test Name: Rope Strength Test
Purpose:
To measure the tensile strength of the purchased Dyneema with spliced loops.
Scope:
This test will be used to determine the strength of the Dyneema after it has been modified to include
spliced loops on either end. This will allow us to quantitively say how close we will be to the maximum
tensile strength tested during regular use of the acoustic receiver and release. This test should prevent
any line-strength issues that have not already been accounted for.
Equipment:
1. Instron test machine
2. 3 samples of spliced Dyneema
3. Safety Glasses – for all attendees
Hazards: (list hazards associated with the test)
1. Flying debris due to nature of tensile test
2. Samples under large loads – keep hands & face clear
PPE Requirements: (e.g. safety goggles, respirators)
1. Safety Glasses
2. Closed-Toed Shoes
3. Long Pants
Facility:
This test will happen in the 192-135 lab room, where the Instron Tensile Testing Machine is located.
Page Break

Procedure:
1. Turn on the Tensile Testing Machine
2. Use the switch located on the right side of the tensile testing machine next to the power cord.
3. Measure and record the length of the tensile samples
4. Setup Bluehill 3 Tensile Testing Software
5. Start the software on attached computer
6. On the main screen, select the “Test” icon to initialize a new test
7. On the next screen, select test method name
8. After entering the correct specimen label, input the dimensions of each sample
9. Click “Next” to proceed to the following screen.
10. Adjust the crosshead distance
11. Use the control panel on the front of the machine to adjust the crosshead distance
12. Inserting the specimen
13. Loosen the Lower jaw by turning the clamp clockwise
14. Place the sample into the jaw such that the edge of the grip section is just above the edge of the
top of the jaw
15. Ensure that the sample is oriented vertically with the machine. Hand tighten the lower jaw by
turning the clamp counter-clockwise.
16. Repeat for the upper jaw. Adjust crosshead if necessary.
17. Running the tensile test
18. Click the “Start” button to begin the tensile test.
19. Wait for the machine to finish running the test.
20. Removing the tested sample
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21. When the test is complete, remove the sample from the jaws by turning the clamps
counterclockwise.
22. Resetting the crosshead
23. Press the “return” button to reset the crosshead distance
24. Return to step 5 and repeat process for remaining samples.
Results: Pass Criteria, Fail Criteria, Number of samples to test
For each sample, if it withstands a force of 300 pounds, which is a FOS of 3 for our system, we can safely
say that it passes the test. If it fails under 300 pounds of force, however, then we can say it fails. Each
sample will be tested 3 times to create enough statistical confidence in the results for each combination
listed in part 2 of the equipment section.
Test Date(s): 3/9/22
Page Break

Test Results:

Test 1
Test 2
Test 3

Table 1. Pass/fail data for each end configuration.
Tensile Strength
(lbf)
1879
1987
1943

Performed By: F93 Acoustic Release and Receiver Team
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Test Procedure #4
Test Name: Required depth rating test
Purpose:
To test and see if the o-rings and fittings, in conjunction with the cables, will be watertight for use with
the electronics enclosures.
Scope:
This test will determine if there needs to be re-installation or re-greasing of the o-ring setup and will also
determine whether the cable setup is adequate for keeping water out of the electronics enclosures.
Equipment:
1. Safety Glasses
2. Vacuum pump and associated fittings
3. Pressure gauge and cutoff valve
4. Electronics enclosures with cables installed
Hazards:
1. Implosion of electronics enclosure
2. Electric shock risk
PPE Requirements:
1. Safety Glasses
2. Closed-Toed Shoes
3. Long Pants
Facility:
This test will happen in the 192-135 lab room, where the vacuum pumps are located.
Page Break

Procedure:

1. Ensure vacuum pump has enough oil to operate.
2. Connect pressure gauge and cutoff valve to both the electronics enclosure and the
vacuum pump.
3. Ensure that the electronics enclosures are sealed properly, and the o-rings are
installed.
4. Turn on the vacuum pump until it reaches equilibrium (approximately 30 minutes).
5. Close cutoff valve and mark pressure reading and time.
6. Take pressure readings every 15 minutes over a 2-hour period to monitor pressure
drops. If the pressure reduces, this indicates an air leak.

Results:
To pass this test, the enclosures need to have the same pressure reading within the error range of the
pressure gauge used. This will ensure that there is no rapid water ingress when the system is under
water at 80m for 6 months at a time. If there is a pressure leak after 24 hours, then we know that there
is something that needs to be done to the electronics enclosures to make them watertight.
Test Date(s): Tuesdays 3PM-6PM
Page Break
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Pressure (kPa)
-96
-94
-90
-89
-89
-88
-88
-88

Performed By: F93 Acoustic Release and Receiver Team

D

ME Senior Design Project

Final Design Review Report

June 2022

Test Procedure #5
Test Name: Transportability Test
Team Member Responsible: Lily de Torres
Purpose/Goal: The purpose of this test is to ensure that the system can be transported and deployed
safely and easily.
Scope: The system contains a 100lb anchor which we anticipate will be difficult for users to handle. To
make the system as user friendly as possible, we will need to determine the most efficient way to
transport the system by testing a variety of transportation and deployment methods. To evaluate the
ease of transportation/deployment, the team members will record notes about their observations on
and difficulties or unsafe behaviors that occurred.
Equipment: For this procedure we need our completed system and transportation cart.
Hazards: The main hazards are the weight and the rope. If the anchor were to be dropped on a person’s
foot, it could cause serious injury. If someone were to become entangled in the rope and the anchor
were to fall overboard, there is a high risk of drowning.
PPE Requirements: Close toed shoes.
Facility: Bonderson/engineering 4 lawn.
Procedure:
1) Lift anchor onto a 2ft elevated surface (this will simulate lifting the anchor into the
transportation cart provided by Cal Poly pier). Observe any challenges associated with this
maneuver.
2) Determine positioning for the system in the transportation cart. We plan to load the system
onto a flat plank of wood and tip the plank and slide the system into water. We will test the
logistics of the maneuver to determine whether the anchor should be the first or last part of the
system to enter the water.
Results:
Pass criteria: Both procedures can be achieved easily and safely.
Fail criteria: Safety concerns are present with one or more of the procedures.
Notes:
The system can reasonably be carried by two people as long as one of them is strong enough to lift 110
lbs. The safest way to transport the system is to have one person carry the anchor and one person carry
the rope frame and buoy. Due to the shape of the anchor, it would be difficult for two people to try to
carry it.
When deploying the system into the water, the components should be laid out such that the anchor is
the first component to slide into the water. This ensures that it won't land on any of the other
components and potentially damage them.
Test Date(s): 4/18/22
Test Results: The system can be reasonably deployed without additional modifications.
Performed By: Reagan Lawson and Joe Lyons
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Test Procedure #7
Test Name: Pin Friction Test
Team Member Responsible: Sebastien Danthinne
Purpose: To test and see how much force the servo plus associated pin assembly can produce to remove
the pin from the pin mechanism.
Scope: This test will determine whether we need to redesign the pin mechanism to create a lowerfriction environment.
Equipment:
1. Safety Glasses
2. Arduino for creating PWM wave
3. 2x Force Gauge
4. Clamp
5. Rope
6. Power Supply
7. Pin mechanism
Hazards:
1. Breakage of
2. Electric shock risk
PPE Requirements:
1. Safety Glasses
2. Closed-Toed Shoes
3. Long Pants
Facility: This test will happen in Engineering East – Capstone Lab, where there is a power supply
available for use.
Page Break

Procedure:

1. Ensure that the surrounding area is clear.
2. Remove the top plate from the rest of the assembly, keeping only the brackets
fastened.
3. Remove the pin from the linkage system.
4. Loop the hook on one force gauge through the hole in the pin.
5. With the pin positioned through one of the brackets, guide it through the carabiner
and into the second bracket.
6. Loop the hook of the second force gauge around the carabiner.
7. With the top plate properly secured, pull on the force gauge attached to the
carabiner until the gauge reads 40 lbf.
8. With the gauge set to read maximum, pull on the other force gauge until the pin is
removed from the brackets.
9. Record the maximum force measured on the pin pulling gauge.
10. Repeat this process five times for consistency.

Results:
These results will determine whether it will be possible to provide enough force to remove the pin from
the assembly and will determine whether we need to re-design the pin mechanism. The average of the
max forces over five runs will be taken as the target force that the servo can exert on the pin, and thus
the new design can be made surrounding this force.
Test Date(s): Tuesdays 3PM-6PM
Page Break

Test Results:
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Run #
Max Force (N)
1
120
2
115
3
100
4
100
5
110
Performed By: F93 Acoustic Release and Receiver Team
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Test Procedure #8
Test Name: Respooling Time Test
Team Member Responsible: Lily de Torres
Purpose/Goal: The purpose of this test is to ensure that the rope can be respooled in a short period of
time without excessive difficulty.
Scope: The system contains a long line of rope which may be difficult/time consuming to respool. We
will ensure that this process can be easily completed by testing how long it takes to complete the
respooling process and observing if rope entanglement occurs during the process.
Equipment: For this procedure we need the rope canister and respooling device.
Hazards: There are no hazards associated with this procedure.
PPE Requirements: None required.
Facility: Bonderson.
Procedure:
1) Start the timer and remove spool rod from frame and place on respooling device. Pause
timer.
2) Unspool the entire length of rope.
3) Resume timer and begin respooling process.
4) Once rope is spooled, replace spool rod back in canister and end the timer.
Results:
Pass criteria: Respooling process can be completed in under 30 minutes with minimal entanglement.
Fail criteria: Respooling process exceeds 30 minutes and rope frequently becomes tangled during the
respooling process.
Notes:
Procedure
Time
Equipment Needed
Remove spool from frame
5 minutes
Adjustable wrench to remove
bolts and unscrew carabiners
Respool rope
10 minutes
Rope spooling device
Replace spool in frame
5 minutes
Adjustable wrench to remove
bolts and unscrew carabiners
Record any observations on rope entanglement:
Test Date(s): 5/17/22
Test Results: The entire respooling process can be completed in approximately 20 minutes which meets
our time requirement of 30 minutes.
Performed By: Carlos Otero and Lily de Torres
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